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HAWAII  AGRICULTURAL  EXPERIMENT  STATION,  HONOLULU. 

J.  G.  SMITH  SPECIAL  AGENT  IN  CHARGE. 


PRESS  BULLETIN   No    6. 


To  acquaint  the  public  with  what  is.  necessary  to  he  known  in 
regard  to  the  cultivation  of  vanilla  in  Hawaii  the  following  paper  has 
been  prepared  by  Mr.  Frank  E.  Confer.  This  is  in  part  a  record 
of  observations  made  on  plants  grown  here,  and  in  part  a  compilation 
from  the  best  works  on  Vanilla  culture,  especially  L^corate  ani  Chalet, 
"Le  Vanillier;"  Galbraith,  "Vanilla  Culture:"  and.  Dr.  Preuss,  '*Expe- 
detion  nach  Central  und  Sud-Amerika." 

Experiments  in  curing  vanilla  were  made  at  this  Station,  using 
pods  from  plants  grown  by  Hon.  S.  M.  Damon  at  Moanalua.  Mr. 
Confer  has  also  visited  the  Edwards  Vanilla  Plantat'on  on  Hawaii, 
and  has  noted  the  conditions  there,  and  in  the  numerous  localities 
around  Honolulu  where  this  plant  is  making  a  thrifty  growth. 

The   vanilla   plant    was   introduced    into   Hawaii   man/    years    ago, 
direct  from  Mexico  and  also  from  Ta'hiti,  Samoa  and  Fiji.     The  prime 
requisites  to  make  the  cultivation  of  this  crop  a  success  are:   the  se- 
lection of  a  suitable  location,   at  low   elevation   and  where  there  is 
protection  from  the  full  sweep  of  the  trade  winds;  and,  of  even  great' 
importance,  constant  and  careful  attention  to  every  detail  of  cp' 
tion,  pollination,  curing  and  fermentation,  uutil  the  selected  an., 
ished  product   is   ready  for  market.      The   sole   difference  betwee:*, 
crop  of  vanilla  at  $1  a  pound  and  one  at  $10  to  $15  is  the  care  giv^-^ 
to  the  crop  from  the  time  the  cuttings  are  planter]  until  th^flnl^ecl 
product  is  marketed.         .  JARED  G.  SlM'H,  •. 

Special  Agent  ^-^ibwrge. 

Honolulu,  xiug.  10,  1903.  ■  ^^v '      '     '  - 
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VANILLA   CULTIVATION    IN    HAWAII. 


The  vanilla  bean  is  the  cured  fruit  of  a  vine  belonging  to  the 
orchid  family.  The  term  "bean"  is  a  misnomer,  as  the  plant  is  not 
a  legume.  The  elongated  fruit  pods  are  from  five  to  eight  inches  long 
and  the  size  of  a  lead  pencil.  They  are  black,  glossy  and  somewhat 
wrinkled  on  the  surface  and  contain  thousands  of  exceedingly  minute 
black  seeds. 

The  vanilla  plant  is  a  native  of  Mexico  (PI.  I).  In  1808  Andrews 
gafr©  the  name  Vanilla  planifoUa  to  the  best  varietty,  known  there  as 
mansa  o  fina.  Today  this  plant  is  found  wild  in  the  light  forests  of 
Solltheast  Mexiooi,  Peru  and  on  Luzon,  Philippine  Islands.  It  is  also 
extensively  cultivated  in  the  province  of  Vera  Cruz,  Mexico,  and  on  the 
isla  's  of  Reunion,  Madagascar,  Mauritius,  Java,  Fiji,  Tahiti  and  the 
Sey  '  'les.  The  plant  is  a  fleshy  durk-green  perennial  climber,  ad- 
hen  to  trecB  by  its  aerial  roots.  In  a  vanilla  plantation  theise 
treeb  -  called  supports.  The  vine  attains  the  thickness  of  a  finger 
and  g.  s  singly  for  a  considerable  height.  When  nipped  or  bent 
over  a  number  of  shoots  are  thrown  out,  which  bear  flower-clusters, 
each  yieUjng  ten  oir  more  flow^ers.  The  flowers  open  about  five  weeks 
after  the|0)ursc  through  the  buds.  The  pods  grow  to  their  full  size 
in  five  weSks,  and  mature  in  about  seven  months. 

Tern|D^j^ure.  It  may  be  stated  in  a  general  way  that  the  vanilla 
plant  re4^ps  a  mean  temperature  of  77°  F.  and  abundant  rains 
during  tw^rtifrds  or  three-fourths  of  the  year.  The  production  is  more 
abundant  ai^pf  better  quality  in  countries  having  a  distinct  dry  sea- 
son. The  ^^^dity  should  be  about  75°  and  the  soil  always  moist. 
The  tempei-Mpb  must  not  be  subject  to  sudden  changes  and  sihould 
not  go  too  S^h  and  never  below  49°  F. 

Soil.  Anyfeil  is  suitable,  provided  the  drainage  is  good.  Light 
soil  and  poroa^kubsoil  stould  be  given  the  preference.  The  best 
locations  are-  t^Bfe^s  with  slight  slopes,  where  a  moist  atmosphere 
and  protection  nma  strong  wind  may  be  obtained.  Forest  land  or 
land  which  'has  been  covered  with  a  dense  growth  of  lantana  should 
be  selected.  The  i^ecaying  leaves  and  later  tbe  decaying  branches 
and  trunks  will  furiiish  the  necessary  humus. 

The  Plantation.  (|lear  the  land  by  means  of  brush  hooks  and  cane 
knives  and  dig  out  guava  roots.  Cut  down  all  large  trees  not  wanted 
for  wind-breaks,  and  cut  up  the  large  branches.  Trees  Tiaving  a  diam- 
eter of  less  than  six  inches  are  left  standing.  Next  lay  out  the  fields 
and  set  out  additional  trees  for  wind-breaks.  It  must  be  well  under- 
stood that  a  vanilla  plantation  needs  protection  from  strong  wind.  It 
is  not  sufliicient  to  protect  from  prevailing  winds  only,  but  the  field 
must  be  protected  in  all  directions.  Trees  must  not  only  be  planted 
around  a  large  plantation,  but  lines  of  trees  should  be  set  at  inter- 
vals thrugh  the  fields.  The  lines  for  the  supports  may  then  be  marked 
by  stakes.  These  lines  should  be  8  feet  apart  and  the  trees  planted 
at  intervals  of  from  6  to  8  feet.  Low  growing  trees  which  do  not 
Bhed  their  bark,  should  be  selected  for  supports.    The  foUowingr  are 


recommended  for  Hawaii:  Spondias  luiea,  (Hog  plum);  Erythrina 
UtJwsperma,  (Coral  tree) ;  Crescentia,  (Calabash  tree) ;  BauMnia  tomen- 
tosa,  (St.  Thomas'  tree),  together  with  the  small  trees  which  have 
been  left  standing,  provided  they  are  nearly  in  line.  All  others  should 
be  cut  out  unless  wanted  for  wind-breaks  or  shade. 

Choice  of  cuttings.  The  methoid  of  propagation  is  by  cuttings. 
The  shipment  of  plants  is  made  during  the  dry  season,  when  growth 
has  been  checked.  The  plants  are  pulled  up  from  the  ground  and  the 
roots  are  freed  from  soil.  The  plants  may  be  wrapped  in  paper  or 
packed  in  moss.  A  part  of  the  plantation  should  be  reserved  for  a 
nursery,  in  Which  the  plants  are  left  to  grow  vigorously,  without  ex- 
hausting them  by  fructification.  This  is  the  best  method  to  obtain 
strong  cuttings,  to  prevent  the  plants  from  degenerating  and  to  guard 
against  diseases.  Only  those  parts  of  the  plants  should  be  used  for 
cuttings  that  have  short  joints,  as  such  cuttings  will  form  most  roots 
on  a  given_ length.  Cuttings  giving  the  best  results  are  obtained  from 
laterals.  The  joints  are  short  and  the  terminal  bud  continues  grow- 
ing. Cuttings  of  from  3  to  6  joints  may  be  used.  Long  cuttings 
may  produce  flowers  18  months  after  planting,  while  with  short 
cuttings  abundant  flowers  cannot  be  expected  before  the  third  year. 

Planting.  The  best  time  to  set  out  the  cuttings  is  probably  the 
early  autumn,  but  it  may  be  done  at  any  time  of  the  year.  The 
longer  the  cutting  the  more  should  be  put  in  the  ground.  One  joint 
when  the  cutting  has  three,  two  when  four,  and  even  four  or 
five  when  long  cuttings  are  used.  The  leaves  shonld  be  cut  from  that 
part  of  the  cutting  put  into  the  ground,  care  being  taken  not  to  injure 
the  aerial  roots.  Cuttings  should  be  placed  horizontally  and  buried  3 
inches  deep.  The  exposed  end  is  fastened  so  that  the  aerial  roots  are 
close  to  the  bark  of  the  supporting  tree.  The  fastener  may  be  raphia 
or  any  other  band.  No  string  should  be  used.  Should  dry  weather 
follow  the  planting,  it  would  be  advisable  to  water  the  plants.  In  Mex- 
ico cuttings  2  feet  6  inches  long  are  made  eight  days  before  planting. 
Some  planters  use  cuttings  3  feet  6  inches  long,  bury  1  foot  1  inch  deep 
and  cover  with  leaves  and  grass.  Covering  is  necessary  during  dry, 
warm  weather  to  protect  the  rootlets,  which  are  close  to  the  sur- 
face and  would  be  killed  by  the  sun. 

Cultivation.  The  trees  used  as  supports  shonld  be  pruned  in  the 
late  fall.  Vanilla  requires  some  sunshine,  and  when  growing  in  shaded 
places,  bears  but  few  flowers  and  the  fruit  does  not  mature  so  well. 
Tn  sunny  places,  however,  the  vines  suffer,  because  the  surface  of 
the  support  may  become  so  dry  and  overheated  as  to  destroy  the  aerial 
roots.  Soine  cutting^  always  remain  dwarfed.  These  should  be  re- 
placed as  soon  as  practicable.  The  vine  is  allowed  to  grow  2  or  3 
feet  above  the  forked  branches  of  its  support.  This  upper  portion 
should  be  carefully  separated  and  hung  loosely  over  the  forks  of  the 
supporting  tree,  making  pollination  and  harvesting  possible  without 
the  use  of  ladders.  Branches  from  2  to  4  feet  long,  inclining  down- 
wards, produce  the  most  flowers.  To  encourage  this  growth,  the 
vines  are  pinched  off  near  the  end  and  thus  a  thick  growth,  completely 
covering  the  branches  of  the  tree,  is  obtained.  The  vanilla  plant 
begins  to  bear  during  the  third  year  and  continues  until  7  or  8  years 
old.  When  flowering  and  maturing  fruit,  the  plants  should  have  a 
dressing  of  decomposed  leaves,  grass  or  banana  leaves  and  trunks. 
Stable  manure  should  not  be  used,  unless  put  into  trenches,  where  the 
roots  will  reach  it  when  well  decomposed. 
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Plate  II.    Method  of  hand  pollinating    Vanilla    flowers.     (After     Lecomte). 


Pollination.  (Pl.  II).  In  Hawaii  the  flowers  do  not  produce  fruic 
unless  fertilized  by  hand.  This  must  be  done  the  morning  they 
open.  One  man  can  operate  1000  flowers  from  sunrise  to  10  or  11 
A.  M.  In  case  the  operation  is  successful  the  flower  remains  attached 
to  its  stalk,  otherwise  it  drops  off  in  three  days. 

"The  flower  is  taken  in  the  left  hand,  three  fingiers  being  placed  at 
its  back  and  the  thumb  in  front,  the  column  with  organs  of  fertil- 
ization on  top  being  supported  against  the  middle  sepal  behind.  A  bit 
of  hard  wood,  cut  the  size  of  a  toothpick  and  scraped  smooth  and 
flat  at  one  end,  is  the  only  tool  required;  this  is  held  in  the  right 
hand  between  the  thumb  and  forefinger.  Tb  get  at  the  organs  of 
fertilization  easily,  the  sack  which  grows  from  the  side  of  the  column 
enveloping  its  front  and  marking  the  sexual  organs  is  pressed  down  by 
the  bit  of  wood,  or  this  is  run  throug<h  its  base,  and  the  sack  torn 
up,  or  the  whole  sack  ^may  be  plucked  off  with  finger  and  thumb,  it 
matters  not  how  it  is  laid  open,  so  long  as  this  is  done  quickly  anil 
without  Injury  to  any  other  part  of  the  flower.  The  smooth  end  9^f 
the  fecundating  instrument  is  then  laid  flat  on  the  front  of  the  colum.^ 
just  beneath  the  organs  of  fertilization,  and  being  pushed  up,  (fig.  12)',' 
it  catches  under  the  flap  which  keeps  the  pollen  from  coming  in  conitact 
with  the  stigma.  The  flap  is  raised  along  with  the  stick  till  it  lies  flat 
against  the  upper  part  of  the  column,  (fig.  13),  being  held  in  that  po- 
sition by  the  bit  of  wood.  The  stamen,  at  first  raised  along  with  the 
flap,  now  falls  down  again  into^  its  original  position,  and  the  fiap 
being  out  of  the  way,  the  pollen  comes  into  contact  with 
the  stigma,  and  a  sliglit  pressure  of  the  thumb  on  the  stamen  lodges 
the  pollen  in  the  position  required,  (fig.  15) ;  the  bit  of  stick  being 
then  quickly  but  gently  withdrawn,  the  operation  is  complete."* 

Harvesting.  The  fruiit  reaches  maturity  6  to  8  months  after  the 
flowers  are  pollinated.  The  pods  become  hard,  thick,  turn  greenish- 
yellow,  and  a  slight  bruising  sound  is  audible  when  the  ripe  pod  is 
pressed  between  the  fingers.  To  prevent  splitting,  pods  should  be 
gathered  the  day  they  ripen.  The  pod  is  taken  near  the  stem-end  be- 
tween the  thumb  and  forefinger,  twisted  from  right  to  left  and  pressed 
aside  with  the  thumb.  Attached  pieces  of  flower-stalk  are  later  cut 
away,  but  breaks  or  cracks  in  the  pod  itself,  rank  it  as  inferior  in 
quality.  Pods  picked  before  maturity  are  deficient  in  perfume  and 
more  subject  to  fungus  growth. 

The  gathered  pods  are  spread  out  and  exposed  to  the  air  for  24 
hours.  During  this  time  they  are  sorted  as  follows:  1,  ripe  and  "-^ct; 
2,  unripe  but  perfect;  3,  split;  4,  spotted,  or,  having  black  points 
or  pieces  of  flower-stalk  attached;  5,  curved  pods.  Attached  pieces 
of  flower-stalk  must  be  oarefuUy  cut  away  and  black  poin'.^s  should 
be  removed.  The  curing  should  begin  Ts%en  a  sufficient  qiantity  of 
vanilla  has  accumulated,  as  otherwise  the  pods  would  split  or  become 
mouldy. 

Vanilla  is  prepared  for  the  market  in  various  ways.  The  best 
results  have  been  obtained  in  Mexico.  All  methods  have  been  care- 
fully studied  and  the  results  compared  at  this  Station.  A  modifica- 
tion of  the  Mexican  method  is  recommended  as  a  result  of  these 
investigations.  This  method  is  based  on  riCientiflc  principles,  is  simple 
in,  application,  requires  but  a  small  outlay  for  buildings  and  produces 
a  finished  article  of  superior  quality. 


♦  Galbraith,  Vanilla  Culture;  Div.  Bot.,  Bui.  21,  U.  S.  Dept.  Agric,  1898,  P  15. 


Buildings  required.  A  platform  must  be  oonstructed.  This  may 
be  made  of  stone,  coral  or  cement,  should  slope  slightly  towards  the 
south  and  be  protected  from  the  wind  by  a  wall  running  east  and 
west.  This  wall  should  be  whitewashed  to  reflect  more  heat  onto  the 
platform.  A  drying  house  must  be  built.  This  should  be  provided 
with  shelves  on  which  the  cured  vanilla  is  laid  out  to  dry,  also  with 
stands  where  trays  loaded  with  vanilla  may  be  arranged  one  above 
the  other.  Portable  sweatboxes  are  made  of  wood.  They  should  be 
2  feet  deep,  2  feet  long  and  from  16  to  18  inches  wide  and  have  a  de- 
tachable cover.  A  supply  of  mats  and  dark  colored  woollen  blankets 
must  also  be  provided. 

(Curing.  On  a  clear  warm  day,  when  the  platform  is  dry  and  w^arm, 
mats  are  spread  evenly  on  the  floor  of  the  platform  and  covered  with 
dark  colored  blankets.  The  mats  and  blankets  are  previously  hung 
oiit  in  the  sun.  At  9:30  or  10  a.  m.  the  vanilla  is  spread  out  quickly 
aiifi  carefully.  The  first  row  is  started  along  the  wall,  the  pods  laid 
'enly  without  touching  one  another,  the  stem  end  farthest  from 
..-j;wall.  The  pods  are  left  in  the  sun  until  thoroughly  heated — they 
should  be  too  warm  to  be  held  in  the  hand.  The  more  quickly  the 
sun  heats  the  fruit  and  the  warmer  they  get,  the  better  it  is.  The 
sweatboxes  and  dark  colored  blankets  are  set  out  in  the  sun,  and  must 
bo  warm  when  the  vanilla  has  reached  the  proper  stage.  This 
should  be  not  later  than  2  p.  m.  The  blankets  are  used  as  lining  and 
the  edges  hang  over  the  sides  of  the  box.  The  heated  pods  are  taken 
up  by  handfuls  and  laid  in  the  boxes,  stem  end  inside,  care  being 
taken  to  put  the  colored  pods  at  the  bottom.  The  green  ones  are  laid 
on  over  these.  The  box  must  be  filled  as  quickly  as  possible,  the 
overhanging  blanket  edges  are  covered  over  the  contents  and  enough 
warm  blankets  added  on  top  to  competely  fill  the  box.  When  the  cover 
is  securely  fastened  the  box  is  carried  to  the  drying  house  and  left 
until  the  next  day.  During  this  time  the  vanilla  turns  dark  brown 
and  sweats  freely.  The  vanilla  remains  in  the  box  from,  2  p.  m.  until 
10  a.  m.  The  box  is  then  opened,  the  vanilla  examined,  spread  on 
the  platform  and  repacked  as  during  the  preceding  day.  This  is  re- 
peated until  sufficiently  sweated.  This  may  be  accomplished  in  4 
days,  but  with  unfavorable  weather  it  may  require  two  weeks. 

Pods  which  have  remained  pa-rtly  green  after  the  first  sweating 
should  be  separated,  spread  out  in  the  sun,  the  colored  parts  covered 
with  several  thicknesses  of  white  cloth,  so  as  to  expose  only  the 
greei  '.s  to  the  sun.  This  is  done  to  cure  all  parts  of  the  pods  equal- 
ly. Pods  which  have  split  during  the  first  sweating  are  wrapped  with 
thread  and^  the  split  part  covered  with  white  cloth  when  exposed  to 
the  sun.    ''^' 

The  sweating  having  been  completed,  the  vanilla  is  spread  out 
on  trays  in  single  layers.  The  following  days  the  trays  with  the  va- 
nilla are  set  out  in  the  sun  for  a  few  hours  and  otherwise  dried  in  the 
shade.  The  last  drying  is  done  only  in  the  shade,  and  the  trays  are 
covered  with  cheesecloth  to  keep  off  the  dust.  Fully  dried  vanilla  is 
packed  in  tin  boxes  and  coveerd  with  cloth. 

The  finished  article  has  a  well  developed  aroma,  feels  dry  but 
pliable  and  has  a  dark  brown  color.  After  remaining  in  the  tin  boxes 
for  s/everal  weeks,  the  vanilla  is  classified  and  put  up  in  bundles. 
These  bundles  are  packed  in  tin  boxes,  which  are  lined  with  oiled 
paper  of  correct  dimensions.  One  month  later  these  boxes  are  opened, 
carefully  examined,  damaged  packages  removed,  opened  and  cared  for. 
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good  packages  of  the  same  siz^e  substituted,  the  boxes  closed,  soldered 
and  labelled. 

To  provide  against  loss  during  rainy  weather,  the  sweating  must 
be  accomplished  by  artificial  heat.  Good  results  can  be  obtained 
by  the  use  of  a  bake  oven  or  coffee-drying  house.  The  vanilla  is  put 
up  in  packages  of  certain  size  and  shape  and  wrapped  in  woiollen 
blankets  and  mats  to  preveint  overheating.  The  drying  can  be  com- 
pleted in  a  heated  drying  house. 

The  sorting,  curing,  drying,  classifying  and  packing  must  be  done 
by  an  experiericed  man.  A  well  equipped  central  curing  establishment 
with  an  experienced  foreman  would,  therefore,  be  very  desirable  from 
an  economical  point  of  view. 

Yield.  This  has  never  been  properly  ascertained  in  Hawaii.  The 
wild  vanilla  plant  of  Mexico  bears  one,  two  and  rarely  five  pods,  all 
of  superior  quality.  Two  cultivated  and  hand  pollinated  plants  at 
Moanalua,  Oahu,  produced  300  pods  in  1.902.  and  150  pods  in  1903, 
about  one-fourth  being  of  good  size  and  quality.  This  only  indicates 
what  may  be  accomplished  by  cultivation,  but  is  neither  practicable 
nor  advisable  on  a  large  plantation.  Plants  yielding  a  very  heavy 
crop  may  become  exhausted.  The  roots,  and  sometimes  the  stalk,  rots 
away  or  the  vines  turn  yellowish  green,  the  leaves  become  soft  and 
white,  the  tendrils  dry  and  the  whole  plant  dies,  a  yield  of  10  pods 
for  ordinary  and  20  or  even  25  pods  for  strong,  healthy  plants  should 
be  a  safe  limit.  One  a  basis  of  10  pods  per  plant,  2  plants  to  each 
support,  and  680  supports  per  acre,  a  yield  of  13,600  pods  would  be 
secure>d.  One  thousand  average  good  pods  weigh  45  pounds,  and  dry 
to  half  their  volume  and  about  one-fifth  their  weight  during  the  cur- 
ing process;  13.000  pods  weigh  585  pounds,  and  the  finished  article 
about  120  pounds.  At  least  one-half  of  this  sihould  be  of  superioir  qual- 
ity and  sell  for  from  $6  to  $9  per  pound,  f.  o.  b.  Honolulu.  The 
balance  would  bring  from  $1.25  to  $4  per  pound.  This  would  give  a 
return  lof  not  less  than  $435  per  acre.  This,  however,  can  only  be 
accomplished  when  a  fair  portion  of  the  finis'hed  article  is  of  su- 
perior quality. 

Diseases.  All  the  vanilla  reported  to  be  growing  on  these  islands 
has  been  inspected  by  an  expert  of  this  Station  and  found  free  from 
fungus  or  other  diseases,  as  well  as  from  the  various  insect  pests 
which  affect  this  plant  in  other  countries.  Should  any  of  them  make 
their  appearance,  planters  are  requested  to  at  once  notify  this  Station, 
giving  particulars  and  mailing  a  specimen  of  vine  affected. 

More  detailed  information  in  regard  to  the  cultivation,  curing  and 
classifying  of  vanilla  will  be  given  in  a  bulletin  which  will  be  issued 
by  this  Station  whenever  the  growth  of  the  industry  demands  it. 

FRANK  B.  CONTBR,  Assistant. 
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THE  PINEAPPLE  SCALE.' 
{Diaspis  bromeliw  Kerner.J 

By  D.  L.  Van  Dine, 

Entomologist,  Hawaii  Experiment  Station,  United  States  Department  of 

Agriculture. 


This  pest  of  the  pineapple  is  a  scale  insect,  one  of  the 
Coccidse,  which,  becanse  of  its  special  fondness  for  this 
plant,  has  received  the  common  name  the  '  ^  Pineapple 
Scale.''  The  insect  was  first  described  by  Kerner  in  1778, 
and  besides  attacking  the  pineapple  is  widely  distributed 
on  various  plants  in  greenhouses.  It  has  been  reported 
from  the  countries  of  northern  Europe;  from  Massachu- 
setts, Washington,  D.  C,  Ohio,  California,  and  Florida  in 
the  United  States;  and  from  Mexico,  Jamaica,  Cape  Col- 
ony, and  Natal.  Prof.  V.  ly.  Kellogg  of  Stanford  Univer- 
sity, to  whom  the  writer  is  indebted  for  the  determination 
of  the  insect,  says:   *'  Probably  bromeltce  (pineapple  scale) 

^  Second  reprint. 
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will  be  found  in  time  wherever  the  pineapple  is  grown.'' 
Other  food  plants  are  ivy,  canna,  hibiscus,  acacia,  olea 
(olive),  billbergia,  and  certain  varieties  of  greenhouse 
palms.  /The  writer  took  the  first  specimens  of  this  scale 
from  a  pineapple  plantation  at  Wahiawa,  Oahu,  on  October 
26,  1903,  and  since  then  has  observed  the  pest  in  every 
plantation  visited  on  this  island  and  the  Island  of  Hawaii. 
Although  occurring  generally  throughout  the  islands,  Mrs. 
M.  E.  Fernald^  does  not  record  it  from  Hawaii  in  her  cata- 
logue of  Coccids,  nor  is  it  found  in  Mr.  Kirkaldy's  recent 
work  on  Hemiptera  in  Fauna  Hawaiiensis.  Mr.  P.  H. 
Rolfs  "^  says  regarding  the  appearance  of  this  insect  in  Flor- 
ida: '^It  has  been  found  repeatedly  on  plants  imported 
from  Hawaii,  and  has  been  disseminated  to  many  parts  of 
Florida."  Dr.  L.  Reh^  of  Hamburg,  Germany,  also 
records  the  pest  as  common  in  these  islands,  having  col- 
lected specimens  himself  at  the  government  nursery  on 
Feb.  28,  1902. 

Prof.  F.  V.  Theobald,''  an  English  authority  on  economic 
entomology,  says  :  ''  Pineapples  are  frequently  damaged  by 
a  scale  insect,  which  now  and  then  causes  the  fruit  to  rot. 
*  *  *  This  scale  is  the  pineapple  scale  {Diaspis  bromelicE 
Kerner) .  The  scale  is  thin,  circular  and  pure  white— the 
females  yellow  or  orange.  lyike  most  Diaspids,  they  burrow 
beneath  the  epidermis  of  the  plants  and  beconie  almost 
entirely  hidden.  It  chiefly  attacks  the  leaves,  but. now  and 
then  the  fruit.  It  should  be  destroyed  as  soon  as  the  fruit 
is  cut." 

Dr.  Reh  in  describing  the  work  of  this  scale  states  that  it 
attaches  itself  to  the  plant  on  the  base  of  the  leaf,  spread- 
ing from  there  to  the  stem  and  eventually  covering  the 
entire  plant,  which  it  kills.     On  the  fruit  it  attacks  princi- 


2  Massachusetts  Hatch  Sta.  Bui.  88. 

^U.  S.  Department  of  Agriculture  Farmers'  Bulletin  No.  140. 

^Zeitschrift  Mr  Entomologie,  Jan.  15,  1904,  p.  30.  ♦ 

5 First  Report  on  Economic  Zoology.    British  Museum,  London,  1903. 


pally  the  green,  unripe  portion.  A  symptom  of  an  attack 
is  rust-colored  spots  on  the  leaves.  Dr.  Reh  says  further 
that  milk  of  lime  was  used  as  an  insecticide  for  this  pest  in 
Berlin  and  Russia. 

These  small,  scale-like  insects  are  very  conspicuous,  be- 
cause of  their  color,  and  not  easily  mistaken  for  other  forms. 
The  scale  and  not  the  insect  inself  is  the  object  commonly 
seen.  The  insect  is  found  beneath  this  secretion,  which 
serves  as  a  shield.  In  the  case  of  this  insect  the  scale  or 
protective  armor  is  made  up  partly  of  a  waxy  secretion  of 
the  insect  and  partly  of  molted  skins.  The  insect  itself  in 
the  adult  stage  is  quite  well  buried  beneath  the  epidermis 
of  the  plant  and  hence  the  necessity  of  combating  the  pest 
in  its  early  stages. 

The  pineapple  scale  can  be  controlled  by  spraying  where 
it  occurs  in  the  field.  The  cheaper  and  easier  method  is 
by  proper  preventive  measures  to  keep  the  pest  from  gain- 
ing a  foothold  in  the  plantation.  These  measures  are  to 
burn  all  leaves  where  the  pest  is  at  all  evident  after  harvest- 
ing the  crop,  to  dip  young  plants  in  an  insecticide  before 
planting,  and  to  produce  the  maximum  vigor  and  health  of 
the  plants  by  thorough  cultivation  and  fertilization.  In  the 
question  of  the  control  of  the  insect  pests  and  diseases  of 
plants,  no  one  point  is  more  important  than  vigorous  and 
clean  cultivation  and  the  proper  supply  of  plant  food  and 
moisture.  It  is  an  accepted  fact  in  applied  entomology  that 
a  healthy  growing  plant  is  capable  of  offering  resistance  to 
the  attack  of  an  insect  pest. 

Dr.  L.  O.  Howard,*'  entomologist  of  the  U.  S.  Depart- 
ment of  Agriculture,  mentions  a  hymenopterous  parasite, 
Aspidiotiphagtis  citrinus  Craw.,  bred  from  the  pineapple 
scale  at  Washington.  ^ 

The  remedies  advised  by  Mr.  Rolfs  in  his  Bulletin  on 
Pineapple  Growing  have  been  verified  in  experiments  at 
this  station,  and  on  our  recommendation  have  been  tried 
and  reported  as  successful  by  the  managers  of  two  pine- 
apple plantations. 


6  Insect  Life,  Vol.  VI,  p.  231. 


REMEDIES. 
Kerosene  emulsion: 

Whale-oil  soap  (or  any  hard  soap  shaved  fine)__    Y^  pound. 

Water 1  gallon . 

Kerosene  (coal  oil) 2  gallons . 

Dissolve  the  soap  in  the  water  while  it  is  boiling  over  a 
fire.  When  the  soap  is  well  dissolved,  remove  the  solution 
a  safe  distance  from  the  fire  and  add  it  to  the  coal  oil. 
Churn  the  mixture,  iising  a  strong  force  pump,  for  a  few 
minutes  until  it  has  a  creamy  consistency.  If  the  emulsion 
is  well  made  the  oil  will  not  rise  to  the  surface  on  standing. 
This  is  the  stock  solution  and  will  keep  for  several  weeks. 
When  wanted  for  use  dilute  one  part  of  the  stock  solution 
with  ten  parts  of  water.  Dip  the  plants  in  the  emulsion 
before  setting  out  in  the  field  or  apply  as  a  spray  to  infested 
plants  in  the  field.  When  applied  as  a  spray  in  the  field 
do  not  treat  the  plants  when  the  fruit-bud  is  forming — do 
the  spraying  either  before  the  fruit-bud  starts  to  grow  or 
after  it  is  partly  grown.  Use  only  enough  of  the  mixture 
to  wet  thoroughly  the  scales.  If  too  much  is  used  it  will 
collect  at  the  base  of  the  leaves  or  run  down  about  the 
crown  and  it  is  apt  to  injure  the  plant. 

Resin  wash: 

Resin pounds  __  _  5 

Caustic  soda  (crude  78  per  cent. ) ' '      _  _  1 

Fish  oil  (whale  oil  soap)   ''    -^^Y'l 

Water gallons _  _  20 

Full  directions  for  the  preparation  of  resin  wash  are  given 
in  Bulletin  3  of  this  station. 

In  using  the  resin  wash  follow  the  directions  given  for 
the  kerosene  emulsion. 

The  emiilsion,  being  a  more  permanent  mixture,  more 
easily  prepared  and  more  active,  recommends  its  use  in 
place  of  the  resin  wash;  however,  the  "use  of  either  mixture 
is  a  point  for  the  planter  to  determine  to  his  own  satis- 
faction. 


The  question  of  ingredients  and  proper  spraying  appa- 
ratus is  a  very  important  one.  Failure  is  in  the  majority 
of  cases  due  to  poor  material  or  insufficient  apparatus.  A 
cheap  pump,  which  soon  becomes  useless,  is  always  more 
expensive  than  a  well-made  outfit  at  whatever  cost.  For 
field  spraying  where  the  ground  is  rocky  and  uneven,  a 
compressed-air  knapsack  sprayer  will  be  found  suitable, 
while  on  level  land,  which  will  permit  a  wagon  passing 
through  the  rows,  a  barrel  outfit  will  be  found  the  more 
desirable.  These  are  points  which  only  a  knowledge  of 
local  conditions  will  permit  definite  advice  being  given, 
,  Further  information  will  be  gladly  given.  Address  Mr. 
Jared  G.  Smith,  Director,  Hawaii  Experiment  Station, 
Honolulu,  Hawaii. 

Honolulu,  August  11^  1904, 
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PRESS  BULLETIN  No*  i2. 


TOBACCO  EXPERIMENTS  IN  HAMAKUA,  HAWAII. 


INTRODUCTION. 

In  the  Autumn  of  1903,  a  co-operative  experiment  was  ar- 
ranged under  the  joint  auspices  of  the  Territorial  Board  of  Com- 
missioners of  Agriculture  and  Forestry  and  the  Hawaii  Agricul- 
tural Experiment  Station,  for  the  purpose  of  demonstrating  the 
practicability  of  growing  the  best  grades  of  cigar  tobacco  in 
Hawaii. 

An  examination  of  sites  was  made  by  Mr.  F.  E.  Center,  a  Spe- 
cial Agent,  who,  in  the  beginning,  had  charge  of  the  work.  Mr. 
Conter  visited  the  Puna,  Hilo,  Hamakua  and  Kona  Districts  of 
the  island  of  Hawaii  and  finally  selected  a  small  tract  on  the 
Louisson  Brothers'  Plantation  on  the  lands  of  Pohakea,  Hama- 
kua. A  lease  of  2  1-2  acres  of  the  land  was  secured  in  the  name 
of  the  Secretary  of  Agriculture,  Washington,  D.  C,  at  the  nomi- 
nal rental  of  Five  Dollars  per  annum.  Special  privileges  were 
granted  by  the  owners  of  the  land,  wdio  have  assisted  the  enter- 
prise in  every  way  in  their  power.  The  land  was  new  and  un- 
cultivated, so  that  a  delav  of  some  months  ensued  before  the 
field  could  be  made  ready  for  planting.  The  first  crop  was  trans- 
planted to  the  experimental  plots  in  March  and  April,  1904. 

The  experimental  tobacco  field  was  located  in  Hamakua  because 
the  physical  character  of  the  soil  was  right  to  produce  a  good 
quality  of  crop.  The  Pohakea  Homestead  lands  were  suitable, 
available  and  convenient.  There  are  other  areas  in  Puna,  Kau 
and  Kona  on  Hawaii  and  on  each  of  the  other  Islands  of  the 


group,  but  at  the  time  this  experiment  was  undertaken,  the  Poha- 
kea  tract  was  selected  as  the  most  convenient  place  in  which  to 
carry  on  field  work. 

WHERE    CAN    TOBACCO    BE   GROWN? 

The  determinant  factors  in  the  production  of  tobaccos  of  high 
grade  and  fine  flavor  are: 

Soils  of  the  proper  physical  texture. 

A  suitable  climate. 

Selected  seed. 

Clean  cultivation,  fertilization  and  the  requisite  skill  in  curing 
and  fermenting  the  crop  to  produce  a  uniform  quality  of  leaf. 

TOBACCO   SOILS. 

The  texture  of  a  soil,  that  is,  the  ratio  between  clay,  silt,  fine 
and  coarse  sand,  is  held  to  have  much  to  do  with  the  type  of  the 
product.  Good  seed  planted  on  unfavorable  soils  will  not  pro- 
duce good  tobacco.  The  texture  governs  the  water-holding 
capacity  of  the  soil,  and  this,  in  turn,  controls,  to  some  extent, 
the  physiological  changes  within  the  growing  plant ;  so  that, 
eliminating  other  factors,  the  type  of  crop,  which  a  given  soil  will 
produce,  can  be  pre-determined,  to  some  extent,  merely  by  an 
examination  of  the  soil. 

The  color  of  the  cured  leaf,  whether  light  or  dark,  its  thinness 
and  elasticity,  depend,  apparently,  almost  absolutely  on  soil  char- 
acteristics and  its  water-holding  capacity. 

SOME  HAWAIIAN  TOBACCO  SOILS. 

The  soil  on  the  Hamakua  homesteads  and  on  the  Hamakua 
tract  of  land  adapted  to  tobacco, — a  belt  extending^  from  Paauhau 
to  Hakalau  at  an  elevation  of  from  looo  to  2500  feet — ,  is  a  sandy 
forest  loam,  very  rich  in  humus  and  with  a  high  nitrogen  con- 
tent. The  color  of  the  soil  is  a  light  brown  becoming  almost  black 
when  wet. 


ANALYSIS  OF  POHAKEA  SOIL/ 


Physical  Analysis 

Per  cent. 

Combined  water  and 

organic 35-935 

Fine  gravel  i. — 2.  mm. 

16. 511 

Coarse  sand  i. — d.5  mm. 

11.337 

Medium  sand  0.5 — 0.25 

mm 6.716 

Fine  sando.25 — o.i  mm. 

14.002 

Very  fine  sand  0.1—0.05 

mm 8.339 

Silt  0.05 — 0.005  mm.  5.848 
Clay  0.005 — o.oooi   "        .940 


Chemical  Analysis 

Per  cent. 


Water 

Organic  and  combined 

water 

Insoluble 

Fe2  O3  I  Iron  and  alu 

AI2  O3  J      mina 

Ca  O.  .lime 

Mg.  O  magnesia 

S  On  sulph.  acid 

P2  O5  phosphoric  acid 

K2  O  potash 

Nitrogen   total 

Humus         "      

Humic  nitrogen 

Nitrogen  %  in  humus 


19.540 

28.360 
19.320 

28.797 
.300 
.631 
.343 
•703 
.077 

.728 

12.470 

.560 

4.490 


lAnalysis  by  Dr.  Edmund  C.  Shorey. 

It  will  be  noted  that  although  the  ''iron  and  alumina"  content 
is  high  the  percentage  of  clay  is  very  low.  The  "fine  gravel"  and 
"coarse  sand"  are  really  reducable  to  "fine  sand"  and  "very  fine 
sand"  if  the  soil  is  shaken  in  water  for  longer  than  the  customary 
period  previous  to  analysis.  There  is  almost  no  true  clay  in  this 
soil,  and  practically  no  true  gravel  or  coarse  sand. 

The  lime  is  present  as  a  silicate  and  is  too  low  in  quantity  to 
neutralize  the  acidity.  The  potash  content  is  very  low.  Never- 
theless a  dressing  of  sulphate  of  potash  applied  to  the  experi- 
mental plots  at  the  rate  of  500  pounds  per  acre  produced  cigar 
leaf  of  exceptionally  good  burning  qualities.  The  nitrogen  al- 
though high  is  largely  unavailable  so  that  it  will  pay  to  use  mod- 
erate amounts  of  nitrate  on  the  crop.  The  phosphoric  acid  is 
presumably  largely  unavailable. 


ANALYSIS    OF    KONA    SOIL. 


A  tobacco  soil  above  Kailua  at  an  elevation  of  600  feet  com- 
pares very  favorably  with  some  of  the  best  Sumatra  soil : 


Kailua,  Kona  Soil.i 

Per  cent. 
Organic  and  combined 

water    30-^2 

Fine  gravel 11.85 

Coarse  sand    IS-^S 

Medium  sand  3-95 

Fine  sand   8.42 

Very  fine  sand 28.25 

Silt 1.75 

Clay 85 

Total  nitrogen    94 

Color  of  soil,  light  brown. 


Rimboen,  Sumatra  soil.2 

Per  cent. 

Organic  matter 23.41 

Gravel 81 

Coarse  sand   1.44 

Medium  sand 3.62 

Fine  sand    13-94 

Very  fine  sand 19-52 

Silt 23.51 

Clay ^2,^2 


I  Analysis  by  Dr.  Edmund  C.  Shorey. 

2Bul.  5.  Div  Soils.  U.  S.  Dept.  Agric,  Washington,  D.  C,  1896. 

Hawaiian  soils  on  cultivation  rapidly  disintegrate  their  coarser 
particles.  The  shotty  particles  technically  classed  as  ''fine  gravel" 
and  ''coarse  sand"  when  worked  with  a  rubber  pestle  or  rubbed 
between  the  fingers  crush  down  to  a  fine  powder.  The  ultimate 
soil  grains  are  agglutinated  in  masses  because  of  the  exceptionally 
large  percentage  of  organic  matter  in  the  soil. 

The  Kona  district  is  undoubtedly  better  adapted  to  tobacco 
cultivation  than  Hamakua  because  of  the  protection  from  strong 
trade  winds.  But  the  tobacco  soils  of  Hamakua  and  Kona  are 
very  similar  in  all  their  characteristics. 

CLIMATE. 

The  influence  of  climate  on  the  growing  of  tobacco  is  a  potent 
factor.  Cigar  tobaccos,  of  good  quality,  are  produced  through 
a  wide  range  in  latitude.  Proximity  to  the  ocean  has  always 
been  considered  a  deterrent  influence. 

Tobacco  requires  from  70  to  100  inches  annual  rainfall,  from 
one-half  to  one-third  of  this  during  the  growing  season.  Mod- 
erate temperatures,  frequent  showers  or  irrigation,  to  promote 
even,  uninterrupted  growth,  neither  too  rapid  nor  too  slow, 
constitute  an  important   element   in   determining  the   suitability 


of  any  district  where  soil  sonditions  are  correct.  Monotony  of 
daily  and  seasonal  temperatures  are  characteristic  of  Hawaii,  so 
that  the  rainfall  or  the  ability  to  irrigate  the  crop,  when  required, 
become  of  greater  importance  than  any  consideration  of  actual 
temperatures. 

In  the  windward  districts,  protection  from  wind  must  be  pro- 
vided. This  may  be  accomplished  either  by  tenting  the  field  with 
cotton  cloth,  as  in  Connecticut  and  Florida,  or,  permitting  the 
larger  ohia  trees  to  remain  when  the  land  is  cleared;  or,  in  case 
tobacco  is  planted  on  lands  cleared  for  cane  or  other  "open-field" 
crops,  by  planting  or  constructing  suitable  windbreaks.  In  the 
leeward  districts,  the  protection  from  wind  may  be  neglected. 

THE    INFLUENCE    OF    GOOD    SEED. 

The  necessity  of  procuring  the  best  seed  is  a  factor  not  to 
be  neglected  or  minimized.  The  final  test,  as  to  the  value  of  a 
crop  of  tobacco,  does  not  come  for  at  least  a  year  after  the  seed 
is  sown,  and,  in  the  case  of  the  finer  cigar  wrapper  and  filler  types, 
not  for  two  or  three  years.  Each  year,  more  and  more  attention 
is  being  given  to  the  selection  of  good  seed.  Tobacco  seeds  are 
extremely  minute.  An  ounce,  if  every  seed  were  good,  would 
produce  plants  enough  to  plant  several  acres.  It  will  be  absolutely 
necessary  for  planters  in  Hawaii  to  save  their  own  seed  from  the 
best  individual  plants  of  the  best  strains  to  the  end,  that  a  race 
of  tobacco,  adapted  to  local  conditions,  may  be  developed. 

CULTIVATION  AND  FERTILIZERS. 

Tobacco  is  a  crop  that  re-pays  the  planter  in  proportion  to  the 
ratio  of  cultivation  and  attention  that  he  gives  it.  It  is  not  a  crop 
that  can  be  left  to  care  for  itself.  Constant  and  painstaking  su- 
pervision of  every  detail  toward  the  making  of  the  crop  will  well 
repay  the  cultivator.  Tobacco  is  essentially  a  hoed  crop.  Weeds 
are  plants  growing  out  of  place.  Any  plant,  except  tobacco,  in  a 
tobacco  field  is  a  weed  and  must  be  kept  down.  Cultivation  and 
fertilizers  must  be  used  and  applied  for  the  purpose  of  maintain- 
ing an  even,  rapid  growth,  for  there  is  no  doubt  that  uniform 
rapidity  of  growth  has  its  influence  on  the  quality  of  the  finished 
product.  Light  applications  of  nitrate  of  soda,  at  intervals  during 
the  growth  of  the  plant,  will  do  much  to  promote  this  required 
uniformity. 


The  curing  of  the  ripe  leaf  and  the  fermentation  of  the  cured 
article,  are  comparatively  recent  developments  in  the  science  of 
tobacco  culture.  These  processes  were  formerly  carried  on  by 
rule  of  thumb  and  the  reasons  for  curing  or  fermenting  were  but 
little  understood.  It  is  now,  however,  generally  recognized  that 
curing  and  fermentation  are  controllable  processes,  which,  when 
properly  conducted,  tend  towards  improvement  of  the  quality  and 
value  of  the  finished  article,  the  marketable  tobacco. 

If  we  are  to  produce  tobacco  on  a  commercial  scale  in  Hawaii, 
the  rules  of  experience  which  have  been  developed  in  Cuba,  Su- 
matra or  other  tobacco-growing  lands,  must  be  modified  and 
adapted  to  our  own  peculiar  local  soils,  cHmate  and  conditions. 

This  Report  is  and  can  be  only  preliminary.  The  results  of 
one  year's  experimenting  indicate  that  we  can  grow  fine  cigar- 
leaf  tobaccos  of  the  Havana  type,  which  can  be  classed  in  flavor, 
texture,  aroma  and  burning  qualities  with  the  medium  grades 
of  tobacco  imported  from  Cuba.  Our  volcanic  soils  are  not 
comparable  with  the  sandy  soils  of  Florida  or  the  limestone 
soils  of  Cuba,  and  yet,  the  fact  remains  that  we  have  produced 
good  tobacco  and  can  probably  do  much  better  during  the  com- 
ing seasons,  as  a  result  of  more  experience  and  better  equip- 
ment. 

After  comparison  of  our  results  with  those  obtained  elsewhere 
in  growing  tobacco  of  fine  quality,  it  is  believed  that  uniformity 
of  temperatures,  with  sufficient  moisture  during  the  growing  sea- 
son of  the  plant,  have  as  much  to  do  with  the  quality  of  tobacco 
as  any  other  physical  or  climatic  factor.  If  this  be  true,  our  re- 
markable monotony  of  temperatures  and  narrow  variations,  daily, 
monthly  and  seasonal,  should  make  it  possible  to  grow  in  Hawaii 
fine  tobaccos  which  will,  in  time,  be  classed  as  distinct  from  those 
of  any  other  land. 

In  the  beginning,  the  market  for  Hawaiian  grown  tobaccos 
will  be  at  home.  It  will  be  better  in  the  beginning  to  develop 
and  cater  to  the  local  demand. 

SEED   AND   SEEDLINGS. 

One  of  the  main  items  for  success  in  tobacco  culture,  is  to  have 
good,  strong,  healthy  plants  ready  to  transplant  to  the  field  at  the 
proper  time.  Good  seed  is  the  first  essential  in  their  production, 
for  without  good  stock  to  start  with,  one  can  hardly  expect  to  ob- 
tain the  best  results.    How  to  produce  that  kind  of  a  plant  is  still 

question,  whether  by  using  a  rich  soil  in  seed  boxes  or  beds 


and  procure  a  rapid  growth  of  top  upon  a  slender  root,  or,  to  use 
a  poorer  soil  and  develop  more  root  g"rowth  and  less  leaf,  depend- 
ing upon  the  stronger  root  to  give  the  plant  a  better  start  when 
set  out  in  the  field.  It  would  appear  that  the  stronger  the  root 
system,  the  better  will  be  the  results  when  the  seedlings  are 
transplanted. 

An  open  seed-bed,  as  is  used  in  other  countries,  would  prove 
a  failure  in  Hawaii.  Insects  are  too  numerous  and  the  soil  too 
full  of  humus  to  stand  burning. 

Two  methods  can  be  recommended.  The  first  of  these  is  ele- 
■vated  boxes,  set  about  20  inches  from  the  ground  on  posts,  the 
box  level  and  projecting  at  least  6  inches  outside  the  posts,  31-2 
to  4  feet  wide,  10  to  12  feet  long  and  at  least  6  inches  deep.  Fill 
full  with  good  soil,  sifted  to  remove  sticks,  trash  and  stones,  the 
last  inch  being  finer,  so  that  the  seed,  which  is  very  small,  may 
come  in  closer  contact  with  the  soil  but  not  be  covered  too  deeply. 
Add  a  pound  or  two  of  air-slaked  lime  and  mix  well  with  the 
last  2  inches  of  top  soil  filled  into  the  boxes  or  beds. 

Good  soil  can  always  be  distinguished  by  its  texture.  If  it  is 
soft,  moist,  not  too  cold  and  has  a  velvety  feel,  it  is  good,  whereas, 
a  coarse,  hard,  dry  soil,  feeling  like  small  peas  or  pebbles,  will 
not  hold  moisture,  it  being  too  open  and  porous.  Soil  rich  in 
humus  is  sour  and,  in  it,  plants  do  not  do  well  on  this  account. 
The  lime  added  to  the  top  soil  in  the  seed-bed  correct^  this  acidity. 
It  is  often  a  good  plan  to  water  the  seed-bed  with  lime  water, 
even  after  the  plants  are  up,  but  the  best  is  to  mix  the  lime  in  the 
top  soil. 

The  seed-boxes,  when  the  seeds  show  up,  should  be  covered 
with  a  gable-roofed  frame,  covered  with  cheese  cloth  or  light,  open 
cotton.  This  cover  retains  the  moisture,  maintains  a  more 
nearly  uniform  temperature,  and  wards  oiT  insects. 

The  other  method  is  to  build  a  large  cloth  house,  with  gable 
roof  and  in  it,  arrange  the  beds  so  as  to  get  around  among  them, 
The  elevated  boxes,  for  a  few  plants,  are  the  easiest  to  make  and 
care  for.  In  an  excessively  rainy  period,  the  boxes  do  not  drain 
off  the  water  as  well  as  the  beds  and  become  cold  and  soggy.  For 
growing  a  large  number  of  plants,  the  seed  house  is  to  be  pre- 
ferred. 

All  seed  boxes  and  beds  should  be  sterilized,  especially  to  kill 
insects  and  their  eggs.  An  easy  way  to  do  this  is  to  use  from 
10  to  20  gallons  of  boiling  water,  applied  as  evenly  and  quickly 


as  possible  and  cover  with  some  kind  of  a  blanket  to  retain  the 
heat.    A  pair  of  saddle  blankets  answer  the  purpose  nicely. 

After  the  seed-beds  become  cold,  they  are  ready  for  the  seed, 
and  if  the  top  has  become  packed,  it  should  be  loosened  and  made 
fine. 

Tobacco  seed  is  exceedingly  small,  an  ounce  containing  about 
380,000  seeds,  of  which,  at  best,  only  about  50  per  cent,  will  ger- 
minate. One  pod  produces  fully  5000  seeds  and  one  plant  is 
capable  of  furnishing  seed  enough  to  plant  250  acres,  if  all  were 
to  grow.  One  heaping  tablespoon ful  of  seed  will  sow  100  square 
yards  of  seed-bed  and  furnish  plants  to  set  from  4  to  5  acres,  with 
10,000  plants  per  acre,  of  cigar  tobacco.  Mix  the  right  quantity 
of  seed  with  a  quart  or  so  of  dry,  sifted  ashes.  The  ashes  show 
where  the  seed  has  or  has  not  been  sown  on  the  surface  of  the  bed. 

The  seed-box  or  bed,  after  sowing,  should  be  watered,  using 
a  fine  rose  watering-pot,  so  as  to  moisten  the  soil  and  also  to  pack 
it  around  the  seed,  but  only  enough  water  should  be  used  to  give 
the  desired  result. 

Cover  the  seed-boxes  or  beds  with  open  burlap  (old  grain 
bags,  cut  open,  do  well  for  this  purpose),  until  the  young  plants 
appear,  then  the  boxes  are  ready  for  their  movable  gable-roofed 
covers.  All  covers  for  plants,  after  they  are  up,  should  be  so 
constructed  that  the  roof  partially  turns  the  water,  or  else  it 
drips  throug^h  in  large  drops,  which  soon  kill  the  tender  leaves 
of  the  plant  by  pounding  them  against  the  ground.  All  flat  cov- 
ers should  be  avoided,  for  the  same  reason,  unless  the  cover 
comes  in  direct  contact  with  the  surface  of  the  ground  and,  even 
then,  a  very  heavy  rain  makes  a  crust  on  the  top  of  the  soil. 

Tobacco  seed  should  be  sown  thinly,  so  the  plants  have  room 
to  grow ;  each  plant  should  have  at  least  one  square  inch  of  surface 
to  make  a  sturdy  plant.  Seed-beds  should,  at  all  times,  be  fairly 
moist  and  never  be  allowed  to  become  dry  or  to  show  dryness  on 
the  surface.  The  seed  is  small  and  is  only  planted  on  the  surface. 
Good  seed  should  germinate  in  from  12  to  15  days.  In  from  six 
to  eight  weeks,  the  more  hardy  plants  will  be  ready  for  the  field 
and  the  others  will  follow  in  quick  succession,  until  the  bed  is 
exhausted  of  all  desirable  plants. 

Young  plants  should  be  allowed  considerable  sunshine  to  hard- 
en them  before  transplanting. 

Every  tobacco  grower  should  save  his  own  seed,  and,  in  its 
selection,  care  should  be  taken  to  save  seed  only  from  such  plants 


as  fill  all  the  requirements  that  are  exacted  by  the  trade  in  the 
finished  leaf. 

In  a  field  of  growing  tobacco,  many  types  may  be  observed. 
The  best  should  be  selected  for  seed.  By  protecting  the  seed 
heads  or  keeping  all  other  plants  well  topped,  cross  fertilization 
may  be  avoided. 

Seed  plants  should  have  the  small  upper  leaves  and  all  the 
sprouting  seed  branches  and  suckers  removed  and  seed  only 
saved  from  the  center  head.  All  the  large  leaves  should  remain 
on  the  plant  until  seed  is  mature,  when  the  pod  turns  brown  in 
color. 

PLOWING  AND  TRANSPLANTING. 

The  land  selected  for  a  tobacco  field  should  be  such  as  can  be 
plowed  both  ways.  It  should  be  sheltered  from  the  high  trade 
winds  that  sometimes  blow  with  great  force.  Small  square  plots, 
of  from  2  to  5  acres  each,  would  form  good  fields  for  a  small 
planter,  especially  if  surrounded  by  the  forest.  It  is  well  to 
plow  the  land  some  little  time  in  advance  of  the  planting. 

Tobacco  being  a  tap-rooted  plant,  in  some  instances  sending  its 
roots  down  to  a  depth  of  2  feet  or  more,  requires  that  tillage 
shall  be  deep  in  preparing  the  land  to  receive  the  young  plants. 
The  soil  should  be  plowed  to  a  depth  of  at  least  12  inches.  The 
work  must  be  done  in  such  a  manner  that  the  sub-soil  is 
not  brought  to  the  surface.  Have  the  soil  fine  and  loose  but 
leave  the  sterile,  acid  sub-soil  underneath  where  nature  placed  it. 
Put  the  soil  in  good,  mellow  condition,  as  it  pays  to  do  so  for 
any  crop. 

As  soon  as  the  land  is  plowed  and  harrowed,  the  field  should 
be  poisoned  to  kill  pokos,  army  worms,  Japanese  beetles  and  the 
various  pests  usually  abundant  in  newly  turned  land.  There  are 
two  remedies  which  are  of  about  equal  value.  Sow  one  or  the 
other  of  the  following  broadcast  over  the  newly  plowed  land : 

Arsenicated  Horse-manure.  To  40  pounds  of  dried,  fresh  horse 
manure,  as  free  from  straw  as  possible,  add  6  to  8  ounces  Paris 
Green  mixed  w^ith  5  pounds  of  common  salt.  Stir  until  the  salt 
and  Paris  Gireen  are  thoroughly  incorporated  in  every  part  of  the 
manure.    This  amount  is  sufficient  for  one  acre. 

Poisoned  bran.  To  2  pecks  of  bran  or  coarse  commeal,  add  4 
ounces  Paris  Green  or  8  ounces  disparene  and  2  quarts  of  molasses 


or  honey  or  5  pounds  coarse  sugar.  If  sugar  is  used,  moisten  the 
bran  with  water.  Stir  and  mix  thoroughly  and  scatter  over  the 
field. 

Poisoned  horse-manure  is  safer  than  poisoned  bran  and  some- 
what cheaper.  Pokos  and  army  worms  like  it  fully  as  well  as  the 
sweetened  bran  and  cattle,  chickens  and  other  domestic  animals 
are  less  liable  to  be  poisoned  through  eating  it.  The  Japanese 
beetle  seems  to  prefer  the  poisoned  bran. 

The  field  being  prepared  and  the  plants  ready,  they  can  be  set 
out  at  any  time  of  the  year  when  the  soil  is  in  a  moist  condition 
and  the  sky  is  clouded.  Plant  only  good,  strong,  healthy  plants 
in  the  field.  It  is  poor  economy  to  set  a  sickly  plant  anywhere 
and  give  it  care  and  cultivation,  with  but  little  chance  for  a  re- 
turn from  it  for  the  time  and  labor  expended. 

It  can  hardly  be  expected,  and  especially  in  Hawaii,  that  every 
seed  will  grow  and  produce  an  ideal  plant.  Such  has  not  been 
our  experience.  It  seems  to  be  a  characteristic  of  tropical  coun- 
tries, and,  to  this  Hawaii  is  no  exception,  that  cultivated  plants 
show  marked  individual  variation  in  their  growth.  Some  plants, 
even  of  types  that  show  unformity  when  grown  in  cooler  lands, 
when  grown  in  hot  countries  break  up  into  a  number  of  forms. 
There  must  be  enough  good  plants  to  reset  in  the  places  of  those 
that  fail  to  grow  or  vary  from  the  type. 

The  tap-root  of  a  tobacco  plant  is  its  anchor.  In  planting,  it 
should  be  kept  as  straight  as  possible.  The  growth  and  success 
of  the  plant  depends  upon  this  being  carefully  looked  after.  Our 
experience  has  been  that  eight  out  of  ten  plants  that  failed  to 
make  a  good  growth  could  be  traced  to  a  deformed  tap-root  or 
careless  transplanting. 

In  taking  up  young  plants  from  seed-beds  or  boxes,  use  a  point- 
ed stick  to  run  under  the  plants  wanted,  and,  with  a  prying  and 
twisting  motion,  this  plant  is  so  loosened  that,  taking  it  by  the 
tips  of  the  top  leaves,  it  can  be  lifted  from  the  soil  with  most  of 
its  roots  intact.  Do  not  take  hold  of  a  small  plant  at  the  growing 
bud,  for  it  will  be  bruised,  no  matter  how  lightly  handled.  If  the 
plants  are  large,  they  may  be  handled  at  the  base  of  the  stalk  far 
better  than  by  the  leaves  when  planting  out  in  the  field. 

Pack  the  plants  carefully  in  a  broad,  shallow  basket  or  tray, 
provided  with  a  handle  and  keep  covered  from  the  air  and  the 
sun.  If  the  field  is  near,  do  not  lift  too  many  at  one  time.  Do 
not  place  any  of  the  plants  in  water,  as  it  causes  all  lateral  roots 


to  cling  to  the  tap-root,  from  which  they  can  not  easily  be  sep- 
arated, thus  causing  the  plant  to  be  poorly  set.  A  little  loose, 
damp  earth,  sprinkled  among  the  roots  of  the  plants  and  the  tops 
slightly  wet  and  covered,  prepares  the  plants  to  stand  a  longer 
journey.  Properly  packed,  they  can  be  set  next  day  with  good 
results  or  can  be  transported  to  some  distance.  It  often  saves 
time  to  set  a  few  extra  plants  now  and  then  through  the  field, 
between  the  regular  rows,  to  be  used  later  to  fill  vacancies  that 
may  occur.  Quite  large  plants  can  be  moved  if  a  little  soil  is 
left  around  the  roots. 

Sometimes  it  is  advisable  to  set  small  plants  from  seed-beds 
or  boxes  to  a  nursery  until  they  attain  a  larger  growth,  if  not 
enough  seed  boxes  or  beds  have  been  provided.  Another  good 
reason  for  doing  this  is  that  after  a  good  many  plants  are  removed, 
the  remainder  are  loosened  and  disturbed. 

If  the  sun  is  shining  when  the  seedlings  are  transplanted, 
the  young  plants  need  some  shade  until  they  start.  Ti  leaves 
make  a  good  shade.  Stick  the  stem  end  into  the  ground  and  bend 
it  over  the  young  tobacco  plant  and  fasten  the  other  end  with  a 
handful  of  soil  laid  upon  it. 

Take  the  plants  from  the  seed-beds  with  all  the  roots  possible. 
Do  not  pull  them  up  and  break  the  lateral  roots,  but  loosen  the 
soil  well  and  take  up  carefully.  If  the  tap-root  is  too  long,  pinch 
it  off  some,  but  be  sure  to  plant  it  straight.  Set  the  plants  well 
into  the  ground.  Set  large  plants  with  the  hand  and  have  the 
soil  so  loosened  up  that  the  end  of  the  fingers  do  not  come  in 
contact  with  the  hard  sub-soil  in  scooping  out  a  place  to  set  the 
plant,  then  holding  the  plant  in  the  center  of  the  hole  thus  made, 
supporting  any  lateral  roots  with  the  fingers,  firm  the  bottom 
of  the  tap-root  wath  soil  up  to  the  lateral  roots,  then  spread  these 
out  and  place  fine  soil  upon  them,  fill  up  and  firm  the  top  with 
the  hands  or  with  the  feet. 

In  Hamakua,  tobacco  can  be  set  at  any  time  and  will  grow,  but 
it  will  grow  better  and  faster  from  February  to  September  (warm 
weather),  although,  if  set  in  September  and  October,  if  the 
ground  is  wet,  it  will  make  enough  growth  to  mature  a  crop 
during  the  cold  weather. 

It  pays  to  take  considerable  pains  to  get  good  stocky  plants  and 
have  them  well  set.  A  full  stand  of  seedlings  of  uniform  age 
and  vitality  is  the  first  requisite  towards  success  in  growing  to- 
bacco. 


If  the  acreage  is  large  enough  to  warrant  the  outlay,  trans- 
planting machinery  may  be  employed.  With  three  men  and  a  good 
team,  from  two  to  four  acres  of  tobacco  can  be  transplanted  in  one 
day.  These  machines  set  the  plant,  water  it  and  pack  the  dirt 
around  it,  and,  when  running  in  proper  shape,  do  the  work  more 
imiformly  than  a  gang  of  laborers. 

Young  plants  can  also  be  set  with  a  flat,  round-pointed  dibble. 
This  instrument  leaves  a  deep,  narrow  opening  in  the  soil,  allow- 
ing room  for  the  lateral  roots  to  stand  out  straight  and  the  earth 
is  firmed  up  against  the  plant.  The  roots  are  then  in  a  good 
position  and  not  cramped  up  in  a  small,  round  hole.  If  water  is 
used  during  planting,  the  hole  left  by  the  dibble  in  firming  the 
plant,  is  the  proper  place  to  apply  the  water. 

Care  should  always  be  used  in  handling  young  tobacco  plants, 
as  the  leaves  and  shoots  are  very  brittle  and  tender  and  break 
easily.  Tobacco  should  be  planted  on  slightly  raised  ridges,  some 
3  or  4  inches  higher  than  the  surrounding  ground,  as  it  facili- 
tates drainage,  places  the  plants  in  a  more  decided  position  and  less 
liable  to  injury  through  cultivation. 

The  distance  between  the  plants  in  the  row  and  the  width  of  the 
rows  is  governed  by  the  kind  of  tobacco  planted  and  the  use  to 
which  the  finished  leaf  is  to  be  put,  whether  wrapper  or  filler. 

Planted  close  in  the  row  and  the  rows  near  each  other,  the 
tobacco  grows  tall,  with  short,  narrow,  thin  leaves,  of  a  poor 
body,  because  they  do  not  get  enough  sunshine  to  properly  ripen. 
On  the  other  hand,  plants  set  far  apart  in  the  row  and  a  greater 
distance  between  the  rows,  giving  more  room  for  the  plant  to 
expand,  produce  the  other  extreme,  a  long,  wide,  thick  leaf  of 
heavy  body,  coarse  veins  and  a  woodiness  in  the  cured  leaf  that 
is  undesirable. 

No  cigar  tobacco  should  be  set  less  than  15  inches  apart  in  the 
row,  and  not  less  than  3  feet  between  the  rows.  Room  to  culti- 
vate must  be  left  so  that  the  laborers  will  not  break  and  tear  the 
leaves  when  working  between  the  rows.  But  the  right  distance 
to  plant  must  be  determined  by  each  planter  to  suit  the  type  of 
tobacco  grown  and  the  character  of  the  soil. 

In  Hamakua,  the  average  cigar  tobaccos,  such  as  the  Cuban, 
Sumatra,  Connecticut  seed  leaf  and  Zimmer  Spanish,  do  well  15 
inches  in  the  row  and  3  feet  5  inches  between  rows.  An  acre, 
set  at  this  distance,  contains  about  10,000  plants. 

The  manufacturing  tobaccos  producing  a  larger  leaf  require 
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more  room  each  way  and  should  be  set  2  feet  4  inches  apart  in 
rows  4  feet  apart. 

The  tap-root  of  a  good  tobacco  plant  will  go  down  over  2  feet 
and  its  laterals  run  2  and  3  feet  each  side  of  the  stalk. 

The  lateral  or  feeding  roots  run  just  under  the  surface  of  the 
ground  so  that  cultivation  must  not  be  deep  enough  to  disturb 
them,  therefore  the  more  need  of  a  clean  field  at  the  start.  A 
clean  field  is  much  easier  to  take  care  of  than  a  weedy  one.  A 
garden  rake,  lightly  run  over  the  surface  of  the  ground,  disturbs 
the  crust  formed  by  rain,  stopping  evaporation  and  killing  sprout- 
ing weed  seeds.  The  field  is  only  occupied  by  the  tobacco  3  to 
4  months  for  each  crop  and  should  be  kept  clean  for  that  time. 
Plants  show  their  appreciation  of  good  care  and  it  pays  to  attend 
to  their  wants. 

Having  no  frosts  in  Hawaii,  throughout  the  belt  of  land  that 
can  be  planted  to  tobacco,  any  backward  plant  can  be  left  to  come 
to  maturity  and  its  leaf  finally  secured,  but  such  plants  must  not 
be  allowed  to  flower  or  produce  seed. 

TOPPING  AND  SUCKERING. 

In  about  seven  to  eight  weeks  after  setting  in  the  field,  the 
plant  will  send  up  a  head  or  seed  cluster,  which  should  be  removed 
in  all  cases  before  any  of  the  flowers  open. 

Topping  must  not  be  neglected,  as  the  pollen  and  falling  petals 
adhere  to  the  green,  gummy  leaves,  causing  them  to  spot  in  this 
climate  and  become  worthless. 

Sometimes  before  topping,  but  generally  after,  suckers  will 
start  from  where  the  leaf  joins  the  stalk.  These  must  be  removed, 
because  they  take  nutriment  from  the  plant  that  should  go  to  the 
leaves,  it  being  leaf  development  that  is  wanted. 

After  the  main  crop  is  harvested,  a  sucker  crop  may  be  raised. 
It  is  doubtful  if  it  will  pay  in  Hawaii,  as  it  is  a  difficult  matter 
to  get  the  sucker  to  grow  from  the  bottom  part  of  the  plant,  but 
if  all  the  upper  suckers  are  kept  off,  a  bottom  sucker  will  usually 
start.  After  all  the  leaves  on  the  plant  are  harvested,  the  stalk 
should  be  cut  just  above  the  sucker.  If  this  sucker  is  not  allowed 
to  grow  before  the  plant  is  cut  down,  it  will  not  start  in  this  cli- 
mate, the  old  plant  dying  down  into  the  root. 

In  topping,  sometimes  a  backward  plant  may  be  made  to  in- 
crease its  yield  of  leaf  from  10  to  20  per  cent.,  if  topped  a  little 
lower  than  usual  and  a  sucker  allowed  to  grow  from  the  top  of 
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the  plant  and  that,  in  turn,  topped  and  suckered  Hke  the  original 
plant.     In  topping,  cut  below  the  third  leaf  from  the  seed  bud. 

HARVESTING    AND    CURING. 

Between  the  time  of  planting  and  harvesting,  a  tobacco  barn 
must  be  provided  larg-e  enough  to  care  for  the  entire  crop.  This 
structure  should  be  of  lumber  rather  than  galvanized  iron,  with 
shingle  roof,  hinged  frieze,  or  gable-ventilators  and  the  sides 
provided  with  vertical  ventilators  extending  from  sill  to  plate 
the  idea  being  to  secure  complete  control  of  temperature  and  air 
draughts  within  the  building  during  the  curing  process.  The 
side  walls  should  be  of  i"xi2"  N.  W.,  with  the  cracks  battened. 
Windows  are  not  required,  as  the  ventilators  may  be  opened 
for  light  during  the  process  of  filling  the  barn  with  green  leaf. 
The  inside  arrangement  should  be  such  that  the  tobacco  leaves, 
fastened  on  four  foot  laths,  can  be  hung  in  tiers  from  top  to  bot- 
tom of  the  shed,  so  as  to  fill  the  whole  space.  The  larger  the  barn, 
the  more  readily  can  the  air  temperature  within  it  be  controlled. 
A  tobacco  barn,  properly  constructed,  should  last  for  twenty 
years.  In  Hamakua,  at  the  elevation  where  our  tobacco  experi- 
ment is  being  conducted,  a  stove  must  be  provided  to  heat  the 
air  and  control  moisture,  because  of  the  frequent  periods  of  fog 
and  cloudy  weather.  This  stove  is  placed  outside  of  the  shed  with 
the  pipe  or  flue  passing  either  across  through  the  house,  from  side 
to  side,  or,  inside  a  large  barn,  around  two  or  more  walls. 

In  from  3  to  4  weeks  after  topping,  some  of  the  leaves  will  be 
ripe.  The  lower  ones  ripen  first  and  if  not  removed,  they  wither, 
turn  yellow,  dry  up  at  the  point,  get  spotted  in  patches  and  then 
fall  off,  a  total  loss  of  leaf,  as  the  tobacco  is  then  fit  for  nothing. 

There  are  two  methods  in  use  in  harvesting  tobacco.  For  high 
grade  cigar  leaf,  priming  is  the  one  to  employ.  Each  leaf  is  cut 
from  the  plant  as  it  ripens,  and,  as  three  or  four  leaves  are  ripe 
at  about  the  same  time,  it  is  not  so  much  work  as  one  would  think. 

The  primed  leaves  are  placed  in  shallow  trays  or  baskets  and 
taken  to  the  curing  house.  The  leaves  should  be  carefully  handled 
to  avoid  bruising  and  breaking.  It  is  a  great  saving  of  room  in 
the  curing  house,  if  at  this  time,  the  leaves  are  assorted  according 
to  length. 

Tobacco  does  not  cure  well  if  strung,  say  a  20  inch  leaf  that  is 
12  inches  wide  next  to  a  12  inch  leaf  that  is  6  inches  wide.  The 
wide,  long  leaf  will,  in  curing,  roll  over  the  small  one  and  cover 
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it,  so  it  does  not  dry  properly,  but  has  every  chance  to  mold  and 
also  cause  the  outside  leaf  to  mold. 

Room  is  also  gained  in  the  house,  as  the  racks  can  be  so  placed 
to  accommodate  the  different  leng-ths  without  waste  of  space.  It 
does  not  require  24  inches  of  space  in  which  to  hang  a  12  inch 
leaf. 

Assorting  is  more  quickly  done  in  the  green  state,  as  far  as 
length  and  width  are  concerned,  than  when  the  tobacco  is  cured. 

In  curing,  the  leaves  shrink  bne  inch  in  every  twelve  inches  of 
length  and  in  the  same  proportion  for  the  width.  The  green 
leaves,  sorted  to  length,  are  strung  with  a  sail  needle  upon  cotton 
twine,  face  to  face,  and  back  to  back,  about  one  inch  apart.  The 
string  is  knotted  at  each  end  and  the  ends  are  slipped  into  a  cut 
in  each  end  of  a  4  foot  lath.  The  laths  are  then  carried  and  hung 
in  tiers  upon  the  racks  within  the  barn. 

Patented  tobacco  poles,  consisting  of  laths  with  sharp-pointed 
12  inch  wires,  fixed  six  inches  apart  and  extending  half  their 
length  on  each  side  of  the  lath,  are  much  used  in  some  mainland 
tobacco  districts.  The  green  leaves  are  strung  through  their 
stems  on  these  wires,  4  to  6  leaves  on  each  end  of  the  wire.  The 
leaves  should  not  touch  each  other.  As  they  wilt,  the  poles  may 
be  shoved  along  closer  together,  thus  greatly  economizing  space. 

As  soon  as  the  house  is  filled  with  green  leaf,  close  all  the  ven- 
tilators, and,  if  the  weather  is  rainy  or  foggy,  apply  a  gentle  heat. 
If  hot  and  dry,  the  artificial  heat  is  not  required.  No  exact  rule 
of  procedure  can  be  laid  down,  but  the  temperature  and  ventila- 
tion in  the  curing  barn  must  be  so  regulated  as  to  cause  a  gradual 
yellowing  of  the  leaf.  The  more  this  process  of  gradual  death 
of  the  living  cells  of  the  leaf  can  be  prolonged,  without  inducing 
the  development  of  molds,  rot  and  pole  burn,  the  better  will  be 
the  quality  of  the  finished  article.  Sudden  changes  of  tempera- 
ture are  injurious  to  the  leaf. 

All  living  green  plants  contain  within  their  cells  various  un- 
stable chemical  compounds  known  as  ''enzymes."  The  physio- 
logical function  of  these  "enzymes"  is  but  little  understood,  but  it 
is  known  that  they  increase  in  amount  when  the  vitality  of  the 
plant  is  weakened  by  disease.  The  function  of  the  leaves  of 
plants  is  to  elaborate  food  to  the  end  that  the  plants  may  com- 
plete their  full  life-cycle,  put  forth  flowers  and  ripen  seeds  to 
reproduce  the  species. 

In  the  artificial  cultivation   of  tobacco,   the   natural  life-cycle 
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of  the  plant  is  disturbed  and  interfered  with  through  continuous 
topping  and  suckering  or  pinching  off  of  all  flower  buds.  This 
causes  what  might  be  called  a  diseased  condition  in  the  leaves. 
Instead  of  being  able  to  live  as  miUions  of  generations  of  tobacco 
plants  have  lived  before  man  took  to  cultivating  this  crop,  the 
plant  is  forced,  whenever  it  gets  ready  to  flower  and  reproduce 
itself,  to  turn  back  and  again  store  up  the  necessary  supplies  of 
food  in  the  leaves,  always  having  seed  production  as  the  ultimate 
object.  In  this  artificially  diseased  state,  the  enzymes  within  the 
living  cells  increase  enormously  and  this  is  what  primarily  con- 
stitutes the  "ripening  process"  of  tobacco  leaves.  A  plant  cell, 
which  is  being  gradually  murdered,  acquires  a  comparatively 
large  stock  of  enzymes.  On  the  contrary,  where  death  is  rapid 
there  is  but  little  development  of  these  compounds.  It  is  through 
the  oxidation  and  chemical  breaking  down  of  these  enzymes 
that  the  curing  of  a  ripe  tobacco  leaf  is  effected.  In  a  green 
leaf  that  is  cut  or  broken  from  its  mother-plant,  the  enzymes 
present  are  rendered  inert  if  it  is  quickly  dried  so  that  death  of  the 
plant  cells  is  rapid.  The  heat,  light  and  humidity  in  a  tobacco 
barn  must  be  controlled  and  manipulated  so  as  to  cause  the  death 
of  the  green  cells  of  the  leaf  by  gradual  starvation.  As  the  green 
color  fades  out  of  a  properly  cured  leaf,  it  is  succeeded  by  the 
characteristic  rich,  mellow,  tobacco  brown.  When  the  veins  and 
midrib  of  the  leaf  have  lost  their  green  color,  the  tobacco  is 
cured.  In  Hamakua,  the  curing  process  requires  from  two  to 
four  weeks. 

The  determination  of  the  proper  time  to  harvest  tobacco  leaves 
is  a  matter  of  judgment  and  experience.  Leaves  that  are  under- 
ripe cure  greenish,  thin,  papery  and  brittle.  Those  over-ripe  be- 
come harsh,  thick  and  of  uneven  color.  A  ripe  leaf  cures  gum- 
my, pliable,  elastic  and  of  an  even  color. 

Each  kind  of  tobacco  has  its  special  characteristics  and  must 
be  treated  accordingly.  Cigar  tobaccos  require  slower  barn  cur- 
ing and  more  careful  manipulation  during  the  whole  period  of 
growth,  curing  and  fermentation  than  do  the  cheaper  grades  of 
manufacturing  and  export  tobaccos. 

FERMENTATION. 

The  fermentation  or  bulking  house  should  be  constructed  of  T 
and  G  or  other  matched  lumber  or  of  i'xi2'  N.  W.,  battened,  in 
order  to  have  the  room  where  the  fermenting  is  done  air-tight. 
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Controllable  frieze  ventilators  and  windows  must  be  provided. 
The  sills  should  rest  on  or  in  the  ground,  leaving  a  dirt  floor. 

As  soon  as  the  tobacco  in  the  barn  is  cured  and  has  been  tied 
into  hands,  an  operation  that  must  be  made  while  the  tobacco  is 
moist  and  pliable,  the  hands  are  packed  in  cases  and  taken  at 
once  to  the  fermenting  house.  The  tobacco,  when  cured,  must, 
not  be  handled  when  it  is  dry,  else  it  will  crumble  and  be  broken, 
thus  destroying  the  value  of  such  leaves  as  are  suitable  for  wrap- 
per. 

In  the  fermenting  house,  platforms  raised  about  6  inches  from 
the  floor,  12  feet  long  by  5  feet  wide  and  with  boarded  ends  7 
feet  high,  have  been  built.  The  bottom  and  ends  of  the  platform 
are  lined  with  heavy  paper. 

The  hands  of  tobacco,  fresh  from  the  curing  house,  are  placed 
side  by  side,  butt  out,  even  with  the  edge  of  the  platform,  tip 
towards  center.  Another  row  is  then  laid,  overlapping,  tip  to- 
wards center  and  so  on  until  the  floor  of  the  platform  is  covered. 
Layers  are  built  on  top  of  this  in  the  same  manner  until  the  pile 
is  from  5  to  7  feet  high.  A  cotton  blanket  is  spread  over  the  pile 
and  this  covered  with  rubber  blankets  or  tarpaulins. 

If  the  tobacco  is  sufficiently  moist  and  pliable  when  placed  in 
bulk,  fermentation  begins  at  once.  A  platform,  5x12  feet,  will 
accommodate  5000  to  6000  pounds  of  leaf.  A  more  satisfactory 
ferment  will  be  secured  using  this  quantity  than  with  a  smaller 
amount. 

The  leaves  should  have  from  25  to  30%  of  moisture  when 
placed  in  bulk.  If  too  dry,  the  amount  can  be  increased  by  wet- 
ting down  the  floor  and  walls  of  the  house  with  hot  water,  or, 
by  leading  live  steam  into  the  room  during  the  time  that  the  bulk 
is  being  filled,  as  cured  tobacco  leaves  very  readily  absorb  mois- 
ture from  the  air.  After  the  bulk  is  finished,  the  temperature 
of  the  room  should  be  kept  rather  high,  the  ventilators  being  oc- 
casionally opened  to  permit  escape  of  the  ammonia  which  is  gen- 
erated in  volume.  If  the  tobacco  was  sufficiently  moist,  there  will 
be  a  daily  rise  in  temperature  or  from  5°  to  8°  F. 

"In  large  establishments  the  temperature  and  humidity  of  the  room 
can  be  thoroughly  regulated  to  secure  uniform  progress  of  the  fermen- 
tation. This  is  done  by  steam  pipes  to  warm  the  room,  in  which  there 
are  vents  for  the  escape  of  steam  when  it  is  desired  to  make  the  atmo- 
sphere more  moist.  The  temperature  of  the  room  is  kept  quite  high, 
and  the  vapor  from  the  bulk  which  is  being  worked  over  is  very  pun- 
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nia,  which  makes  it  difficult  to  breathe. 

The  bulk  is  watched  very  closely,  and  as  the  temperature  rises  it  is- 
torn  down,  each  hand  of  tobacco  is  taken  up  and  shaken  thoroughly  to 
dry  it  a  little,  to  cool  it  slightly,  and  to  open  the  leaves  sip  that  tYv^j 
will  not  stick  together.  Before  the  sweat  is  completed  the  bulk  is 
pulled  down  and  built  up  eight  or  ten  times,  according  to  the  condition 
of  the  tobacco.  It  is  impossible,  even  for  an  expert  curer,  to  give 
explicit  directions  as  to  when  the  bulk  should  be  turned,  as  it  depends 
entirely  upon  the  condition  of  the  tobacco  and  the  temperature  it 
attains,  and  these  must  be  determined  by  the  operator. 

The  temperature  must  rise  gradually,  and  if  it  is  found  to  be  rising 
too  rapidly  the  bulk  is  torn  down  and  a  fresh  one  built  up.  Sometimes 
the  bulk  is  not  up  over  twenty-four  hours  before  it  is  torn  down  again 
and  built  up  afresh.  If  the  tobacco  is  in  high  case — that  is,  quite 
moist — the  bulks  have  to  be  turned  over  frequently  in  order  to  prevent 
too  rapid  action  and  to  shake  out  the  leaves  which  would  otherwise 
stick  together.  If  a  bulk,  as  seldom  happens,  should  dry  out,  it  is 
turned  over  and  mixed  with  a  bulk  which  is  in  high  case.  The  tobacco 
should  never  be  sprinkled  in  this  stage  of  the  processi  to  bring  it  into 
case. 

The  temperature  of  the  pile  is  allowed  to  rise  gradually  until  it  occa- 
sionally reaches  140°  P.  The  fermentation  is  then  at  its  highest.  From 
this  point  the  temperature  subsides  until  the  fermentation  is  complete 
and  the  bulk  attains  the  normal  temperature  ot  the  room.  This  maxi- 
mum temperature  must  not  be  reached  too  quickly,  and  it  must  be  man- 
aged differently  with  the  different  tobaccos.  The  fermentation  must  be 
carefully  controlled  and  not  allowed  to  go  too  far  with  the  wrapfper 
leaf.  With  the  filler,  the  further  it  goes  and  the  more  intense  the  action 
the  stronger  and  finer  will  the  tobacco  be  for  its  purpose,  if  the  work  is 
judiciously  done.  As  a  matter  of  fact,  it  is  not  unusual  to  resweat  the 
filler  leaf  to  bring  out  the  strong,  rich  properties  which  it  is  desired  to 
develop.  As  the  fermentation  does  not  extend  to  the  bottom  of  the  pile, 
it  is  customary  to  put  8  or  10  inches  of  trash,  which  has  already  been 
sweated,  on  the  bottom. 

After  the  sweat  the  tobacco  is  brought  into  proper  case  and  is  then 
very  carefully  sorted.  The  wrapper  leaf  is  sorted  into  four  grades  of 
light  wrappers  and  four  grades  of  dark  wrappes,  according  to  the  length 
of  the  leaves.  These  are  placed  in  small  boxes  on  either  side  of  the 
operator,  and  when  a  box  is  full  the  leaves  are  taken  out  and  the  Cuban 
tobacco  is  put  up  into  "carottes"  (cylindrical  rolls).  The  carottes  are 
made  up  into  bales  similar  in  every  way  to  the  Cuban  package,  the 
wrappings  being  imported  from  Cuba  for  the  purpose. 

The  filler  leaves  are  frequently  resweated  and  are  usually  petuned,  a 
process  which  makes  them  very  much  heavier,  darker,  and  stronger. 
The  petuning  is  either  done  by  spraying,  which  is  the  best  way,  or  by 
dipping  the  tobacco.  The  essiential  part  of  the  petuning  liquid  is  a 
thick  infusion  of  tobacco  stems  of  the  finest  quality  obtainable.  To  this 
is  added  molasses,  cider,  Jamaica  rum,  or  sour  wine.    Frequently  other 
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matters  are  put  into  the  petiining  liquid,  according  to  the  taste  or  fancy 
of  the  operator,  to  add  quality  to  the  leaf.  This  is  a  secret  of  the  Cuban 
method,  and  the  only  part  of  the  process  which  they  are  unwilling  to 
divulge. 

When  the  petuning  is  done  by  dipping  the  tobacco,  each  hand  is 
dipped  separately  and  is  then  thoroughly  shaken,  after  which  it  must 
be  bulked  down  to  draw — that  is,  until  the  moisture  has  become  thor- 
oughly absorbed  and  evenly  distributed  through  the  leaves.  Otherwise 
they  would  be  apt  to  spot  and  change  color.  The  wrappers  are  never 
treated  in  this  way,  asi  it  is  not  desirable  that  they  should  have  the 
properties  of  a  good  filler. 

After  the  bales  have  been  made  up  they  are  put  into  a  warehouse  in 
piles,  not  over  three  or  four  bales  high,  and  should  be  kept  at  a  moder- 
ately uniform  and  rather  cool  temperature  at  least  two  years,  in  order 
that  the  tobacco  shall  age,  before  it  is  suitable  for  making  up  into  ci- 
gars. There  seems  to  be  no  particular  change  that  goes  on,  at  least  no 
noticeable  outward  change,  asi  in  the  case  of  fermentation,  but  the  to- 
bacco loses  the  harshness  that  is  always  noticeable  in  fresh  tobacco 
and  becomes  mellow,  as  wines  and  liquors  do  by  standing.  When  prop- 
erly put  up  it  will  keep  almost  indefinitely  in  the  bale,  and  the  longer  it 
is  left  to  age  the  better  it  becomes. 

There  is  no  doubt  that  tobacco  can  be  handled  much  better,  asi  well 
as  more  economically,  in  large  than  in  small  quantities.  The  fermenta- 
tion is  much  more  uniform  in  large  bulks  than  in  small.  If  there  are 
several  bulks  they  can,  if  necessary,  be  mixed  to  insure  the  proper  con- 
ditions. The  different  kinds  of  tobacco  need  to  be  treated  diffferently, 
and  this  is  only  poss,ible  in  case  of  a  large  quantity,  where  the  selec- 
tions will  amount  to  enough  to  handle.  With  a  large  quantity  of  tobac- 
co, also,  it  is  possible  to  grade  more  carefully  and  more  closely,  and 
lastly,  it  is  always  essential  to  have  a  large  supply  of  tobacco  of  uni- 
form quality  in  order  that  manufacturers  may  maintain  any  particular 
line  of  goods  they  may  deS(ire.  For  these  reasons  the  farmers  usually 
sell  their  crops  from  the  field  or  from  the  barn  to  the  larger  producers 
or  companies  who  maintain  curing  houses."^ 

In  Hawaii,  the  period  of  fermentation  lasts  60  to  90  days.  Five 
pounds  of  green  leaf  produce  about  one  pound  of  finished  to- 
bacco. 

THE   TOBACCO    FARM    IN    IIAMAKUA. 

The  crop  planted  during  March  and  y\pril,  1904,  was  the  first 
systematic  and  scientific  attempt  to  grow  tobacco  in  Hawaii. 

An  acre  was  covered  with  an  open  wove  cotton  cloth,  ''yVricl 
Tenting  Cloth,"  put  upon  plates  and  posts,  forming  a  flat  roof 

^U.  S.  Dept.  Agric.  Farmers  Bui.  No.  60,  second  revised  edition  ; 
Washington,  D.  C,  IQ02,  sent  free  on  application  to  the  Secretary  of 
Agriculture. 
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about  9  feet  above  the  ground ;  the  sides  were  also  covered  with 
the  same  kind  of  cloth,  making  a  tight  enclosure. 

This  covered  plot,  with  some  land  adjoining,  about  one  and 
one-fourth  acres  in  all,  was  planted  as  follows : 

Sumatra,  Florida 71-^3  per  cent 

''  Long  Stem   2.34  "       " 

Cuban,   Florida    ii-73  " 

Vuelta  Abajo   2.84  '' 

Connecticut  Broad  Leaf 2.^/  " 

"  Seed 2.05  ''       " 

Zimmer  Spanish    2.98  "       " 

Virginia  Dark  Leaf 64  "       '' 

White   Burley    3.20  " 

Japanese 32  " 
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A  good  many  plants  under  the  cloth  shelter  were  killed  by  the 
drip  from  the  seams,  wires  and  plates  of  the  structure.  This  first 
year's  work  demonstrated  quite  clearly  that  tenting  tobacco  is 
not  a  success  in  Hawaii,  at  least  in  regions  of  high  rainfall. 

The  following  field  notes  may  prove  of  interest  and  value : 
Plot  A.     Sumatra. 

One  thousand  plants  produced  19,309  leaves,  weighing  green, 
684  pounds  or  137  pounds  of  finished  tobacco. 

2,230  leaves,  less  than  12  inches  long,  weighed  41  lbs.  13  oz. 
1,711       "  ''         12       "         "  "        43    ''       ^     " 
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1,273  waste  and  torn  leaves  weighed  35  lbs. 
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The  average  per  plant  was  19.3  leaves,  weighing  11.5  oz.  and 
the  estimated  yield  per  acre  containing  9,680  plants  was  6,332 
lbs.,  green  leaf,  which  would  make   1,260  lbs.  finished  tobacco. 

One  plant  on  ''Plot  A,"  bore  leaves  26  inches  long  by  15  inches 
wide  and  yielded  30  ounces  of  green  leaf.    Seed  was  saved  from  it. 

The  average  weight  of  the  stalk,  after  harvesting  the  leaves,  is 
about  10  ounces.  Sumatra  tobacco  averages  8  to  9  feet  in  height 
and  tops  at  about  7  feet. 

Plot  B.     Sumatra, 

This  tobacco  was  not  cut  until  over-ripe,  because  of  insuffi- 
cient provision  for  handling  the  ciop.  Many  of  the  lower  leaves 
had  dropped  off.  1,024  plants  yielded  13,228  leaves,  weighing 
413  lbs.  7  ounces  green,  the  average  per  plant  being  13  leaves, 
weighing  65  ounces.  The  average  loss,  through  delay  in  har- 
vesting, amounted  to  3  lbs.  6  oz.  per  plant. 

Plot  C.    Sumatra. 

1,079  plants  yielded  18,044  leaves,  only  a  portion  of  which 
were  weighed  or  measured  as  the  crop  was  far  past  its  prime. 

Plot  D.    Section  3.    Florida  Cuban — 492  plants. 

This  tobacco  grows  5  to  7  feet  in  height  and  tops  at  4  1-2  to 
5  1-2  feet.    4,025  leaves  were  harvested  as  follows : 
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Total....  169  "  7  " 
Each  plant  yielded  on  an  average  10.6  leaves,  weighing  green, 
6.8  ounces.  Florida  Cuban  tobacco  will  stand  planting  15  inches 
apart,  in  rows  3  feet  apart  or  at  the  rate  of  11,500  plants  to  the 
acre.  The  estimated  yield  per  acre  on  the  basis  of  the  yield 
obtained  is  4,870  lbs.  green  leaf  or  970  lbs.  finished  tobacco. 
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Plot  E.     Section  3.     Vuelta  Abajo,  Cuban. 

This  is  a  low  growing  tobacco  averaging  about  41-2  feet  and 
topping  at  3  to  3  1-2  feet.    210  plants  yielded  1,500  leaves. 
100  leaves,  less  than  12  inches  long,  weighed  i  lb.  10  oz. 
210       '' 
240 

303   '* 
297   '' 
200 
100 
50   - 

Total.  . .  .44  "  13  " 
The  average  per  plant  was  7.2  leaves,  weighing  green  3.4 
ounces.  This  tobacco  would  stand  planting  12  inches  apart,  in 
rows  3  feet  apart  or  at  the  rate  of  14,500  plants  per  acre.  The 
estimated  yield  per  acre  is  3,080  pounds  of  green  leaf  or  616 
pounds  finished  tobacco. 

Plot  E.    Section  i.     Connecticut  Broad  Leaf. 

This  tobacco  grows  4  to  6  feet  tall  and  tops  on  an  average  at 
3  feet  8  inches.  Some  of  the  leaves  were  37  inches  long  by  16 
wide.     149  plants  bore  2,257  leaves  as  follows: 

294  leaves,  15  to  18  inches  long,  weighed    8  lbs.  2  oz. 


12 

4 

7 

13    ■' 

5  ' 

'  11  " 

14     ■• 

8  ' 

'  II  " 

15    ■■ 

9  • 

'  10  " 

16     " 

7  ' 

'  II  '■ 

17    •' 

4  ' 

'  9  " 

18     " 

2  ■ 

'  8  •■ 

407     '' 

18  "  21 

523     '' 

21  "  24 

367    " 

24  "  27 

280     '' 

27    "  30 

21 

360   '' 

waste  an 

34  ' 

14 

32  ■ 

'     8  " 

33 

'  I  " 

3  ' 

'  0  " 

18  • 

'  I  " 

Total.  . .  .149    ''     9  '' 

The  average  per  plant  was  15.1  leaves,  weighing  i  pound. 
This  tobacco  is  planted  18  inches  apart,  in  rows  42  inches  apart. 
It  should  have  been  spaced  wider,  at  least  30  inches  in  the  row 
and  48  inches  between  rows.  Our  yield  was  at  the  rate  of  7,820 
pounds  of  green  leaf  or  1,560  pounds  of  finished  tobacco.  Con- 
necticut Broad  Leaf  is  difficult  to  cure  because  of  the  extraor- 
dinary thickness  of  the  midrib  and  lateral  veins.  None  of  the 
other  varieties  of  tobacco  grown  were  weighed  or  measured. 

Connecticut  Seed  Leaf  cured  lighter  than  any  of  the  other 
tobaccos  and  gave  a  thin,  light  leaf,  fit  for  wrapper. 

In  the  curing  shed,  this  molded  very  badly.  White  Burley 
would  not  cure  or  even  dry  without  molding.  It  will  require 
a  high  heat  to  cure.  It  is  a  pipe  tobacco  and  is  also,  to  some 
extent,  used  as  a  filler  in  cheap,  domestic  cigars. 

Japa\n  Tobacco  is  about  the  same  as  the  Broad  Leaf,  a  wide 
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leaf,  not  quite  so  long  but  with  a  lai^ge  midrib.  It  is  a  pipe  or 
cigarette  tobacco. 

Zimmer  Spanish  cured  very  dark,  harsh,  dry  and  brittle  and 
did  not  absorb  much  moisture  even  in  a  rainy  time.  It  is  used 
for  filler  in  the  cheaper  grades  of  domestic  cigars. 

The  following  tables  show  the  leaf  measurements  in  inches  of 
five  good  Sumatra  plants  and  the  height  and  number  of  leaves 
of  plants  of  some  other  varieties . 

SOME  GOOD  TOBACCO  PLANTS. 

Sumatra. 


Seed  Plants 

No.  I 

No.  6 

No.  9 

No.  15 

7' 9" 
25 
5.    lib.  90Z 

No.  17 

Topped  at             7'  9' 
No.  of  Leaves       23 
Weig-ht  of  Leaf  ilb.  i 

7' 3'' 

27 

30Z.   2lb. 

7' 7" 

22 
lib.  140: 

7' 

22 
.    lib.  90Z. 

First 

Leaf-Bottom 

7x16 

72x14 

7^x17^ 

7x15 

7!xi6j 

2nd. 

'  ' 

8x16 

6x13^ 

7^X18 

Six  1 6 

7!xi7 

3rd. 

8^xi8i 

8X15^ 

8^x19 

8!xi6 

8!xi8! 

4th. 

9^X1 8^ 

8x15! 

9x19 

Six  1 7 

9!xi9 

5th. 

9|xi9 

8xi6| 

9x21 

8x16 

10x19 

6th. 

10x20 

9x18 

10x20! 

9x18 

10x19! 

7th. 

10x20 

9x17! 

io!x23 

9x17! 

11x22 

8th. 

10^x2 I 1 

9Xi6i 

I0|X22 

8!xi7 

11x21! 

9th. 

12x23 

10x18 

IO.tX22 

9x18 

I2!X21 

loth. 

13x23! 

loixiS 

10^X24 

9x18 

Il!x22! 

nth. 

14x24 

iixiSl 

I2IX24I 

9x19! 

12X22 

1 2th. 

I3ix24 

10x18 

13x24! 

10x20 

I2!X23! 

13th. 

13IX24 

10x18 

I  2^X24 

10x20 

I2!X23 

14th. 

14x24^ 

11x19 

13x25 

11XI9! 

I2!X232 

15th. 

13x24 

10x18 

13X26 

11x20 

13X23 

1 6th. 

14x23! 

9^x17 

13X24 

11x20! 

Il!x22 

17th. 

14x23 

9lxi8 

I3IX25 

11x21 

ll!x22 

1 8th. 

I2|X2  2 

10x17 

13^X24 

11x19! 

Il!x20 

19th. 

Ilix22 

11X17I- 

Il!x2I 

ir!x2o|^ 

IIXI9! 

20th. 

I  2^^X20 

10x17 

iiix20 

I0!X20 

io!xi6 

2ISt. 

I0JXI5 

10x17 

9X15 

92X19 

7ixi3 

22nd. 

10x14 

10x17 

6X12 

loixis! 

4ix9 

23rd. 

7x10 

10x17 

9ixi6 

24th. 
25th. 
26th. 

10^x17 

9ixi7 

8x14 

.       .... 

9x15 
7Xiii 

27th. 

Top 



8x12 

24 


Variety 


No.  of  No.  of  No.  of  No.  of 

Height  leaves  Height  leaves  Height  leaves  Height  leaves 


Conn.  Seed  Leaf  f  9"  27      8 

Broad     *'     6'  21 

Cuban  Florida      6'  2''  18 

Cuban  Vuelta       5'  9"  20 

Zimmer  Spanish  5'  3''  26 

White  Burley       5'  6"  21 
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20 
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5' 
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RUBBER    IN    HAWAII 


A  comparatively  new  industry,  the  cultivation  of  rubber- 
producing  plants,  now  engrosses  the  attention  of  planters  in 
all  tropical  lands.  There  are  probably  more  new  areas  being 
planted  to  rubber  than  to  any  other  single  crop,  and  much  cap- 
ital formerly  invested  in  coffee,  cinchona,  tea,  cotton  and  sugar 
is  being  diverted  to  this  new  industry  in  the  hope  that  the 
profits  will  be  greater  than  are  now  derived  from  older  estab- 
lished enterprises. 

For  those  interested  in  new  rubber  plantations  in  Hawaii  the 
following  notes  in  regard  to  the  plants  which  are  the  chief 
sources  of  the  world's  rubber  supply  may  be  of  value.  ^ 

In  1900  Africa  produced  16,000  tons  of  rubber,  America 
81,466  tons,  and  Asia  and  Oceanica  2,339  tons,  a  total  of  ap- 
proximately 50,000  tons.  The  world's  production  was  esti- 
mated at  53,887  tons  in  1902,  55,603  tons  in  1903  and  61,759 
tons  in  1904,  The  average  price  for  ^Tine  Para"  in  Liverpool 
has  risen  from  75  cents  per  lb.  in  1902  to  $1.14  in  1904,  and  has 
not  been  less  than  $0.75  since  1895,  and  has  not  fallen  below 
$0.60  since  1877.  This  rise  in  price  has  been  due  to  the  greatly 
increased  demand  for  rubber  in  the  arts  and  industries  without 
any  corresponding  increase  in  the  source  of  supply.  The  out- 
look is  that  the  price  of  rubber  will  continue  to  rise„  until  either 
the  price  becomes  prohibitive  thus  curtailing  demand;  or,  an 
artificial  substitute  for  this  valuable  product  is  produced  syn- 
thetically in  the  chemical  laboratory;  or,  until  the  world's  cul- 

^This  IS  mainly  a  compilation  froiA  the  extremely  valuable  monograph 
on  the  rubber  plants  of  the  world  by  Peter  Reintgen :  *'  Die  Kautschuk- 
pflanzen,  Eine  Wirthschaftsgeographische  Studie,"  Tropenpflanzer,  Vol. 
VI,  May,  1905. 


tivated  rubber  plantations  begin  to  yield  to  the  full  extent  of 
their  capacity. 

1^0  extensive  new  rubber  forests  are  likely  to  be  discovered, 
although  investigators  are  almost  daily  adding  names  to  the 
list  of  plants  from  which  rubber  7nay  be  secured.  New  rubbers 
require  much  experimentation  before  their  relative  commercial 
value  becomes  established. 

Artificial  rubbers  may  resemble  the  natural  article  in  some 
one  of  its  characteristics  but  none  have  thus  far  been  produced 
which  have  the  requisite  elasticity. 

As  to  the  third  solution,  while  there  can  be  no  doubt  that 
cultivated  rubber  plantations  may  ultimately  supplant  the  prod- 
uct of  the  wild  trees,  it  will  undoubtedly  be  a  matter  of  decades 
rather  than  years  before  even  a  parity  between  supply  and  de- 
mand is  reached.  In  the  meantime  the  question  arises,  if  we 
are  to  plant  rubber,  to  what  particular  variety  shall  we  pin 
our  faith.  A  consideration  of  the  climatic  conditions  under 
which  the  various  natural  rubber  producing  plants  thrive  will 
therefore  first  be  necessary. 

AMERICAIsr   SPECIES  OF  RUBBER  PLANTS. 

Para  Riihher. 

In  1904  nearly  fifty  per  cent,  of  the  world's  supply  of  rubber 
came  from  the  Amazon  valley  and  the  major  share  was  classed 
as  "Para.''  Para  rubber  is,  has  been  and  probably  will  contnue 
to  be  the  standard  of  excellence  with  which  all  other  rubbers 
are  compared.  It  is  in  the  main  derived  from  a  large  tree, 
Hevea  hraziliensis,  Muell.  Arg.,  which  grows  wild  in  the  trop- 
ical forest  on  the  south  bank  of  the  Amazon  and  its  tributaries, 
the  Eio  Purus,  Eio  Jurua,  Eio  Negro,  Eio  Madeira,  and  Eio 
Javary-Iquitos.  So  far  as  known,  Hevea  hraziliensis  only  rare- 
ly occurs  on  the  north  side  of  the  Amazon,  but  its  place  is  there 
taken  by  other  species  of  Heveas  which  yield  rubber  of  inferior 
quality  and  secondary  value.  Hevea  hraziliensis  is  a  stately 
tree  often  reaching  the  height  of  130  feet  with  a  trunk  3  to  1 
feet  in  diameter,  the  crown  not  very  large  but  somewhat  dense. 
The  leaf  is  compound  with  three  oval,  sharp-pointed  leaflets, 
dark-green  above,  bright-green  on  the  under  surface  and  rather 
prominently  nerved.  The  flowers  are  small,  yellowish-green, 
and  the  fruit  a  3-celled  capsule  with  3  seeds  as  large  as  hazel- 
nuts. 

The  trees  are  sparsely  scattered  through  the  tropical  jungle 
over  a  region  as  large  as  Europe,  and  it  is  said  that  the  native 
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rubber  collectors  consider  that  a  remarkably  rich  rubber  dis- 
trict where  the  rubber  trees  average  one  to  the  acre.  The  mean 
annual  temperature  of  the  regions  is  about  83°  F.,  with  an 
annual  range  between  TS""  and  95°.  The  rainy  season  begins 
in  October.  By  January  the  whole  region  for  2,000  miles  is 
more  or  less  submerged  and  the  floods  do  not  begin  to  disappear 
until  June.  During  the  ^^dry"  months,  July,  August  and  Sep- 
tember, there  are  frequent  thunderstorms.  The  home  of  this 
tree  is  a  hot,  steamy,  truly  tropical,  rich  alluvial  plain,  almost 
under  the  equator  and  only  slightly  elevated  above  sea  level. 
The  tree  seldom  occurs  at  elevations  greater  than  600  feet.  Its 
native  habitat,  so  widely  different  from  the  climate  of  Hawaii, 
undoubtedly  precludes  the  probability  of  its  successful  cultiva- 
tion in  these  islands.  There  are  eight  or  ten  other  rubber-yield- 
ing species  of  Hevea,  some  of  them  undescribed  by  botanists,  all 
native  of  the  upper  Amazon  valley.  While  some  of  these  grow 
at  higher  elevations  and  in  lands  not  periodically  submerged 
their  total  yield  is  comparatively  inconsiderable  in  quality  and 
amount. 

White  Rubber.  This  is  produced  by  a  number  of  species  of 
trees  of  the  genus  Sapium,  native  in  the  north-western  portion 
of  the  South  American  continent. 

Sapiuni  Tolimenm,  Hort.,  is  a  native  of  the  mountains  in 
South  Western  Colombia,  making  its  best  growth  at  an  altitude 
of  3700  to  6000  feet  .  The  tree  is  said  to  grow  with  extraordi- 
nary rapidity,  reaching  a  height  of  fifty  feet  with  a  trunk  one 
foot  in  diameter  in  six  years.  It  will  grow  at  a  higher  elevation 
than  coffee.  The  rubber  is  of  very  excellent  quality.  This  is 
certainlv  a  promisinc:  varietv  for  introduction  into  Hawaii. 

Sapium.  verum  Hemsl.  A  forest  tree  60  to  75  feet  high  Avith 
a  trunk  3  feet  in  diameter,  native  to  Ecuador  and  southern 
Colombia.  It  reaches  its  best  development  at  an  elevation  of 
5,500  to  7,500  feet  and  grows  up  to  10,000  feet.  This  tree  is 
the  principal  source  of  the  '^caucho  bianco"  of  Ecuador. 

Sapiiurn  stylare  Muell.  Arg.  A  large  forest  tree  occurring  at 
an  elevation  of  from  3,000  to  6,000  feet  on  the  wet  mountain 
slopes  from  Venezuela  to  eastern  Ecuador.  The  mean  tem- 
perature of  the  region  where  it  grows  ranges  from  56°  to  61°  F. 

Other  species  of  Sapium  growing  under  truly  tropical  condi- 
tions at  lower  elevations  are  S.  tapiiri  IJle.,  S.  eglandulosimi 
Ule,  S.  utile  Preuss,  and  S.  Marmieri  Huber.  The  milky  sap 
of  the  latter  is  poisonous.  These  species  all  require  higher 
temperatures  and  a  greater  degree  of  humidity  than  is  found 
in  Hawaii. 


Black  Rubber,  or-  Central  American  Rubber. 

The  chief  source  of  this  rubber  is  Castilloa  clastica  Cerv.  It 
is  a  native  of  the  western  slope  of  the  Andes  of  Peru  and  Ecua- 
dor up  through  Central  America  to  Mexico.  The  tree  grows 
to  the  height  of  40  to  60  feet  in  the  open,  but  often  reaches 
120  to  150  feet  in  height  and  6  feet  in  diameter  in  the  dense 
and  hot  tropical  forests.  Unlike  Hevea  it  will  not  stand  wet 
feet  but  requires  good  drainage.  It  is  never  found  in  wet  or 
swampy  localities  and  grows  best  at  the  lower  elevations  in  hot, 
sheltered  inland  valleys.  In  the  equatorial  belt  Castilloa  oc- 
curs up  to  2,500  feet  but  at  15''  either  side  of  the  equator  does 
not  grow  well  above  1,600  feet.  It  requires  rich  alluvial  Avell- 
drained  soils,  high  temperatures  and  shelter  from  Avinds. 
"The  optimum  mean  annual  temperatures  for  the  growth  of  tliis 
tree  range  from  77°  to  82°  F.  It  grows  in  Mexico  where  the 
mean  yearly  temperature  is  72^  F.  and  will  stand  a  much 
lower  one,  but  as  the  temperature  and  humidity  decrease  the 
growth  of  the  tree  is  slower  and  the  yield  of  rubber  rapidly 
diminishes. 

The  leaves  of  Castilloa  elastica  are  heart-shaped  at  the  base, 
entire,  bright-green  and  shining,  those  of  young  trees  20  inches 
long  by  7  inches  wide,  those  of  old  trees  6  to  12  inches  long 
by  2  1-2  to  5  inches  wide.  The  trunk  of  the  tree  is  wing  but- 
tressed at  the  base.  Rubber  collectors  distinguish  3  varieties 
depending  on  the  color  of  the  bark  and  twigs,  but  botanically 
all  are  considered  one  species. 

Castilloa  elastica  has  been  widely  planted.  Five  hundred 
thousand  trees  of  this  variety  have  been  planted  in  the  vicinity 
of  Bluefields,  jSTicaragua,  during  the  last  seven  years.  The  first 
of  the  planted  Castilloa  forests  in  N^icaragua  has  been  tapped 
this  year.  Six  thousand  seven-year-old  trees  yielded  534  pounds 
of  rubber,  an  average  of  1  1-3  ounces  per  tree.  A  few  of  the 
largest  were  tapped  repeatedly  at  2-week  intervals  without  in- 
jury and  yielded  an  average  equal  to  that  secured  at  the  first 
tapping.  In  the  regions  climatically  suited  to  it  Castilloa  is 
considered  one  of  the  surest  and  most  reliable  species  in  the 
cultivation  of  which  it  is  safe  to  invest  the  large  capital  re- 
quired to  plant  and  care  for  an  artificial  forest  up  to  the  time 
when  dividends  may  be  expected.  However,  it  is  doubtful 
whether  its  cultivation  should  be  attempted  on  more  than  an 
experimental  scale  in  Hawaii.  Our  mean  annual  temperatures 
and  mean  humidity  are  too  low,  and  also  the  islands  lie  within 
the  zone  of  the  trade-winds,  and  lack  the  tropical  climate  of 
other  island  groups  in  equal  latitudes. 


Ceara  Rubber  is  derived  from  a  small  tree  usually  (in  Ha- 
waii) not  exceeding  25  to  30  feet  in  height,  Manihot  Giaziowii 
Muell.  Arg.  This  tree  is  a  native  of  southern  Brazil.  It  grows 
on  hot  desert-like  sandy  plains  and  along  the  granitic  ridges 
in  a  region  devoid  of  running  streams  and  with  only  a  sparse 
cover  of  desert  shrubs  and  low  trees.  The  mean  annual  temper 
ature  of  this  region  ranges  from  82°  to  90°  F.  The  rainy  sea- 
son resembles  that  of  Hawaii  in  that  there  are  only  occasional 
rains  during  the  wet  months  from  .N'ovember  to  May,  or  June, 
but  differs  from  Hawaii  in  that  the  rainy  season  comes  in  sum- 
mer. Although  the  tree  is,  at  its  best  in  this  hot  desert  country 
it  extends  inland  to  the  foot-hills,  where  the  rainfall  averages 
about  100  inches  and  where  the  night  temperatures  often  fall 
to  60'^  F.  or  less.  Like  Castilloa  elastica,  the  Ceara  tree  re- 
quires good  drainage  and  never  thrives  in  wet  or  swampy  soils. 

Ceara  rubber  trees  will  grow  in  a  very  wide  range  of  situa- 
tions. It  makes  an  extremely  rapid  growth  in  Hawaii,  thriv- 
ing from  sea  level  up  to  2,500  feet  on  both  the  dry  and  w^et 
sides  of  all  the  islands. 

The  tree  is  being  largely  planted  in  all  tropical  and  sub- 
tropical countries. 

The  seeds  are  about  the  size  of  small  plum  pits  and  mottled 
like  castor  bean  seeds.  When  planted  they  take  a  long  time  to 
germinate,  unless  the  hard,  stony  outer  coating  is  filed  or 
abraded.  Plant  the  seed  where  the  tree  is  to  grow  either  at 
irregular  intervals,  if  in  gulches  or  along  stony  ridges  or 
other  waste  land,  or  if  tillable  land  is  to  be  used  plow 
and  prepare  the  whole  field,  or  plant  in  a  hole,  as  is  often  prac- 
tised in  the  case  of  bananas.  The  distance  apart  should  be 
from  6  X  10  to  12  x  15  feet,  which  would  give  from  240  to 
726  trees  per  acre.  If  tillable  land  is  used  it  will  pay  to  culti- 
vate and  fertilize.  On  gulch,  mountainous  and  waste  lands 
the  weeds  and  grass  must  be  cut  out  and  a  space  hoed  around 
the  foot  of  each  tree  as  often  as  necessary. 

A  number  of  Ceara  rubber  trees  were  planted  in  1893  on  the 
land  now  occupied  by  this  Station.  A  tree  standing  alone  near 
the  Tantalus  road  in  the  upper  forest  in  the  midst  of  a  clear- 
ing, and  which  has  been  somewhat  spasmodically  cared  for  is 
about  40  feet  high  with  a  trunk  10  inches  in  diameter.  Other 
trees  planted  along  the  trails  and  absolutely  neglected  for  12 
years,  overgrown  by  lantana  and  over-shadowed  by  Eucalyptus 
are  now  little  more  than  12  to  15  feet  high  with  a  trunk  the 
size  of  a  man's  finger.     So  it  pays  to  take  care  of  trees  even 


though  common  report  has  it  that  ^^no  cultivation  is  required/' 
Pernamb iico  R ubher. 

This  formerly  unimportant  but  of  late  years  much-talked-of 
rubber  is  derived  from  Hancornia  speciosa  Muell.  Arg.  It  is  a 
medium-sized  tree  native  to  the  dryer  coastal  plains  and  up- 
lands from  Venezuela  to  southern  Brazil  and  from  the  Atlantic 
to  the  eastern  foothills  of  the  Andes  in  Ecuador,  Peru  and 
Bolivia.  Unlike  the  Ceara,  this  tree  bears  rubber  in  every  part 
of  the  plant,  in  the  bark,  wood,  leaves  and  green  fruits.  The 
milky  sap  which  flows  from  wounds  becomes  rubber  without 
other  treatment  than  exposure  to  the  air.  The  flow  of  milk  sap 
is  greatest  during  the  summer  months.  Although  Hancornia 
speciosa  is  of  very  slow  growth  it  is  being  substituted  for  cof- 
fee by  many  planters  in  southern  Brazil  who  see  only  small 
profits  in  that  business  for  many  years  to  come. 

The  tree  grows  on  a  great  variety  of  soils,  and  is  easily  propa- 
gated from  cuttings.  The  leaves  are  about  2  inches  long  by  3-4 
to  1  inch  wide,  acute  at  the  base  and  blunt  at  the  apex.  The 
fragrant  w^hite  flowers  are  about  1  inch  across.  The  fruit  is 
a  greenish-yellow  berry  streaked  with  red,  and  is  edible.  The 
rubber  is  white  and  of  very  good  quality. 

These  species  of  rubber  plants  are  the  chief  sources  of  the 
American  rubber  supply.  The  genera  llevea,  Manihot  and  Sa- 
pium  belong  to  the  Eiiphohiaceae  or  Spurge  family,  well  known 
members  of  which  are  the  Castor  Bean,  Tua-Tua  and  Cassava. 

The  milky  sap  which  yields  the  rubber  is  contained  in  milk 
tubes  in  the  inner  or  growing  portion  of  the  bark.  Hancornia 
belongs  to  the  botanical  family  Apocynaceae,  while  Castilloa  is 
one  of  the  Moraceae,  a  family  including  the  fig  and  bread-fruit. 

Of  the  31,462  tons  of  rubber  exported  from  South  and  Cen- 
tral American  ports  in  1900,  25,500  tons  were  derived  from 
trees  of  the  genus  Hevea,  4,700  tons  from  Castilloa  and  Sa- 
f)ium  (40%  Sapium  and  G0%  Castilloa)  and  1,250  tons  Ceara 
and  Pernambuco  rubbers. 

AFRICAN   RUBBER    TEANTS. 

The  African  rubber  supply  is  very  largely  derived  from  spe- 
cies of  vines  of  several  genera  belonging  to  the  botanical  order 
Apocynaceae, 

Limdolpliia  Hendelottii  I).  C.  is  a  woody,  slow-growing  vine 
native  to  the  dry  hot  open  country  from  Senegambia  to  the 
western  Soudan,  between  9°  and  12°  'N.  latitude.  While  this 
is  an  important  source  of  rubber  it  is  considered  unsuited  to 


cultivation  because  of  its  very  slow  growth.     It  takes  twenty 
years  to  attain  full  maturity. 

Landolphia  owuriensls  Beauv.,  grows  in  the  great  tropical 
forest  region  of  western  Africa.  About  half  of  the  Kongo  rub- 
ber comes  from  this  vine.  A  characteristic  of  this  species  as  yet 
unexplained  is  that  individual  plants  growing  side  by  side,  and 
apparently  identical,  show^  wide  variations  in  the  amount  of 
rubber  which  they  yield, — a  fact  tending  to  discourage  cultural 
experiments  with  this  species. 

LandolpJiia  Klainei  Pierre.  iSTative  of  the  Kongo  forests,  is 
considered  w^orthy  of  cultivation  in  tropical  forest  regions  be- 
cause of  its  great  rapidity  of  growth.  It  produces  a  rose-col- 
ored rubber  of  high  value. 

Landolphia  Kirkii  Dyer,  is  the  most  important  rubber-yield- 
ing vine  of  east  Africa,  extending  from  the  Portuguese  posses- 
sions to  Victoria  Xyanza.  It  is  the  source  of  '^Mozambique" 
rubber,  which  is  worth  about  3-4  as  much  as  'Tara." 

There  are  many  other  species  of  Landolpliias  but  these  are 
economically  the  most  important. 

There  are  also  a  number  of  species  of  Clitandra  and  Carpo- 
dinus  of  greater  or  less  value  as  rubber-producing  plants. 

Root  rubber  is  derived  from  the  roots  of  various  herbaceous 
plants  that  grow  in  the  open  prairies  or  savannahs  in  central 
west  Africa.  The  plants  are  pulled  up  by  the  roots,  these  cut 
off,  dried  in  the  sun  and  the  bark  peeled.  The  dried  bark 
is  pounded  in  stone  mortars  until  the  woody  portion 
is  pulverized.  The  rubber  is  gathered  together,  pressed  into 
balls  or  cakes  and  is  ready  for  export.  About  1,500  tons  of 
root  rubber  is  the  average  annual  crop.  It  is  worth  about  60 7^ 
as  much  as  Para.  It  is  derived  from  the  following  species  of 
plants : 

Landolphia  Thollonii,  Dewevre.  A  woody  perennial  6  to  12 
inches  high  with  strong  horizontal  creeping  root  stocks  extend- 
ing many  yards  under  the  surface  of  the  ground.  It  grows  in 
very  dry,  sandy  soils  in  regions  subject  to  annual  prairie  fires, 
so  that  while  it  is  undoubtedly  an  attractive  plant  for  cultural 
experiments,  seeds  are  not  easily  obtained.  The  underground 
rhizomes  are  very  rich  in  rubber. 

Carpodinus  clMjlorrhiza  K.  Schum.,  and  C.  gracilis  Stapf, 
yield  a  very  elastic  brownish-red  rubber.  They  are  low  shrubs 
2  to  5  feet  high,  native  of  dry,  desert  regions  of  central  west 
Africa,  little  known  botanically,  but  quite  important  as  sources 
of  root-rubber. 


Sill'-R  libber. 

This  is  derived  from  the  milky  sap  of  an  Apocynaceous  tree 
KicJixla  elastica  Preuss,  native  of  the  tropical  regions  of  west 
Africa  from  Kameroon  to  the  Gold  Coast.  It  is  considered  one 
of  the  very  best  of  the  recently  discovered  rubber-producing 
species.  In  its  home  it  grows  from  a  few  hundred  to  3,000  feet 
above  sea  level  and  is  said  to  require  about  the  same  climatic 
conditions  as  cacao.  The  milky  sap  of  this  tall  forest  tree  is 
extraordinarily  rich  in  rubber  of  a  superior  quality,  as  high  as 
58%  having  been  found.  A  seven-year-old  tree  is  reported  by 
I\.  Schechter  as  having  yielded  70.5  opnces  of  rubber  which 
dried  to  about  60  ounces. 

The  sap  is  collected,  mixed  with  3  to  6  times  its  volume  of 
water  and  is  then  boiled.  The  rubber  rises  to  the  surface,  is 
skimmed  off,  washed  in  cold  water  and  then  pressed  into  sau- 
sage-shaped masses.  Various  salts  and  acids  are  also  used  for 
coagulating  the  sap  without  heating  it.  The  tree  is  a  large  one, 
often  reaching  100  feet  or  more  in  height,  and  in  favorable 
situations  growing  wdth  extraordinary  rapidity.  It  does  not 
seem  to  be  especially  particular  in  regard  to  its  soil  require- 
ments, but  undoubtedly  requires  high  temperatures  and  a  high 
degree  of  humidity. 

ASIATIC    EUBBER    PLANTS. 

The  Asiatic  rubbers  are  derived  from  both  trees  and  vines. 

Assam  rubber.  This  comes  from  the  well-known  ^^Kubber 
Plant''  of  the  horticulturist,  Ficus  elastica  Roxb.  This  enor- 
mous forest  tree  is  a  native  of  the  valleys  and  lower  slopes  of 
the  whole  southern  Himalayas,  also  extending  through  the 
countries  of  southern  Asia  to  Java  and  the  Malayan  archipelago. 
It  often  grows  to  a  height  of  150  to  180  feet,  with  a  clump  of 
trunk-like  aerial  roots  many  yards  in  diameter.  The  seeds  of  this 
tree  usually  germinate  in  the  top  of  some  nearby  tree  of  a  dif- 
ferent species,  and  throw  out  long  aerial  roots  which  at  first 
hang  pendant  but  on  reaching  the  ground  themselves  throw  out 
feeding  roots  and  increase  in  diameter  until  they  reach  trunk- 
like proportions.  One  of  these  air-roots  if  destroyed  at  the 
base  will  die  below  the  point  of  injury  but  will  throw  out  new 
aerial  roots  above,  these  in  turn  lengthening  until  they  reach 
the  ground  and  again  throw  out  feeding  roots.  In 
this  regard  Ficus  elastica  is  similar  to  the  Ohia  Lehua  of  the 
windward  forests  of  Hawaii  with  its  much-branched  and  many 
bodied  trunks  which  in  the  beginning  were  really  the  aerial 
roots  of  the  epiphytic  ohia  seedling. 


Ill  its  native  habitat  this  tree  grows  best  at  an  elevation  of 
from  2,000  to  3,000  feet  at  from  25^  to  27'^  north  Latitude,  and, 
nearer  the  eqnator,  reaching  to  fully  5,000  feet.  The  tempera- 
ture ranges  from  a  winter  minimum  of  48°  to  a  summer  max- 
imum of  92''  F.,  with  a  yearly  mean  temperature  of  73 ^  The 
rainfall  of  the  forest  zone  where  this  tree  grows  ranges  from 
75  to  100  inches  or  more.  The  soils  are  somewhat  rocky,  either 
volcanic  or  sedimentary.  The  yield  of  rubber  varies  widely. 
In  the  total  yield  from  individual  trees  this  species  excels  all 
others.  P.  van  Eomburgh  secured  the  enormous  yield  of  405 
pounds  of  rubber  from  a  very  old  tree  in  western  Java  (near 
Buitenzorg).  A  23-year-old  tree  on  an  equatorial  plantation  in 
Borneo  yielded  32  pounds  of  rubber  at  its  first  tapping.  In  As- 
sam trees  averaging  100  feet  in  height,  which  had  not  been 
tapped  for  15  years  previously,  yielded  an  average  of  10  lbs. 
of  rubber,  the  next  year  4  lbs.  and  the  third  year  only  1.8  lbs. 
In  New  Guinea  8-year-old  trees  of  Ficus  elastica  yielded  5.7 
lbs.  of  rubber  wdtliin  a  week.  The  growth  of  this  tree  is  some- 
wdiat  slow  in  Hawaii ;  nevertheless  I  believe  that  it  is  one  of  the 
most  promising  rubber  trees  for  plantation  culture,  especially 
in  such  districts  as  Ililo,  Puna,  Olaa  and  Nahiku,  w^here  the 
rainfall  is  high.  Ficus  elastica  will  stand  low  temperatures 
that  are  extremely  detrimental  to  the  Para  and  Central  Ameri- 
can rubber  trees. 

Practically  all  the  rest  of  the  Asiatic  rubbers  are  derived 
from  vines.  It  is  doubtful  whether  any  of  these  could  be  suc- 
cessfully and  profitably  transplanted  to  Hawaii. 

THE   BEST   KUBBEK   TKEES   FOR   HAWAII. 

Hawaii  w^th  its  subtropical  rather  than  truly  tropical  cli- 
mate, is  limited  to  a  very  few  species  of  rubber-producing 
plants.  The  most  suitable  species  of  those  above  enumerated 
are  undoubtedly  in  the  order  of  their  importance  Manihot  Gla- 
ziowii  and  Ficus  elastica.  The  first  of  these,  the  Ceara  rubber 
tree,  should  comprise  the  larger  proportion  of  all  new  planta- 
tions, because  of  its  extremely  rapid  growth  and  early  maturity. 
In  laying  out  a  rubber  plantation  comparatively  early  returns 
are  desirable.  The  Ceara  trees  will  stand  a  moderate  tapping 
Avhen  three  years  old,  and  may  be  counted  on  to  yield  a  consid- 
erable return  in  five  years. 

The  Assam  rubber  tree,  Ficus  elastica,  while  of  much  slow^er 
growth,  yields  much  more  abimdantly  when  it  does  finally  reach 
a  bearing  age.  This  is  also  true  of  the  Manicoba  rubber,  Ilaui- 
cornia  speciosa.  The  white  rubbers,  Sapium  Tolimense,  S.  ve- 
rum  and  S.  stylare,  native  of  high  elevations  w^here  the  climatic 
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conditions  are  similar  to  those  of  our  own  mountain  slopes, 
wonld  seem  to  be  promising  for  experiment,  provided  seeds  can 
be  obtained. 

WILD  A^D  CULTIVATED   KUBBEKS. 

Practically  all  the  rubber  thus  far  marketed  has  been  derived 
from  wild  trees.  The  collection  of  rubber  by  the  native  races 
of  all  countries  has  been  extremely  destructive,  in  many  in- 
stances resulting  in  the  extermination  of  the  rubber-producing 
species  over  wide  areas.  This  factor  alone  has  had  much  to  do 
with  the  rapid  rise  in  value  of  this  article.  The  discovery  of  a 
new  rubber-bearing  species  or  of  a  new  forest  in  some  hitherto 
unexplored  region  means  the  rapid  destruction  of  this  source 
of  supply,  because  governmental  control  of  the  native  rubber 
gatherers  is  absolutely  impossible,  and  attempts  at  restraint  or 
supervision  worse  than  futile.  The  native  collector  wants  to 
get  as  much  as  he  can  today,  so  that  he  will  not  have  to  w^ork 
tomorrow.  Enormous  forest  trees,  perhaps  hundreds  of  years 
old,  are  felled  or  hacked  and  mutilated  so  that  they  soon  die  and 
rot,  and  for  his  trouble  the  native  secures  on  an  average  hardly 
one  per  cent,  of  the  total  amount  of  rubber  in  the  bark,  but  that 
which  he  gets  costs  him  only  the  labor  of  gathering  it.  There 
is  no  investment  of  capital.  I^To  taxes  have  been  paid  on  the 
lands  producing  the  raw  material,  and  there  has  been  no  ex- 
penditure for  labor  or  permanent  improvements  and  executive 
management  of  the  enterprise. 

In  the  case  of  a  plantation  for  the  production  of  rubber  on  a 
commercial  scale,  the  points  to  be  considered  are  not  merely 
the  adaptability  of  certain  rubber-bearing  species  of  plants  to 
certain  soils  and  climatic  conditions,  but  it  is  fully  as  impor- 
tant to  so  conduct  the  enterprise  during  the  first  unproductive 
years  that  the  total  capital  invested  when  production  finally  be- 
gins shall  not  be  so  large  as  to  preclude  the  possibility  of  aver- 
age dividends.  The  robbery  of  cultivated  trees  after  the  man- 
ner of  the  native  rubber  collectors  is  of  course  entirely  out  of 
the  question.  A  plantation  management  must  evolve  methods 
of  gathering  rubber  in  such  a  manner  that  the  trees  will  not  be 
destroyed  and  yet  so  that  they  will  produce  to  the  very  maxi- 
mum of  their  capacity.  Fungus  diseases  and  insect  pests  will 
undoubtedly  appear.  The  question  of  how  much  or  how  little 
cultivation  is  necessary  will  have  to  be  worked  out  in  a  prac- 
tical way.  In  other  words,  the  cultivation  of  rubber  is  an  ex- 
periment and  until  it  has  passed  the  experimental  stage  no  one 
knows  to  what  extent  it  will  be  profitable. 
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iThe  outlook  is  good  viewed  from  the  standpoint  of  an  in- 
creasing demand  for  the  product. 

Conditions  in  Hawaii  are  apparently  extremely  favorable  for 
the  cultivation  of  the  Ceara  trees.  One  of  the  newly  formed 
companies  have  already  planted  100,000  seeds  of  this  species, 
and  expect  to  have  half  a  million  trees  growing  within  another 
two  years.  If  our  planters  succeed  with  rubber  as  they  have- 
with  sugar,  and  put  into  the  business  as  much  science,  skill  and 
knowledge  as  they  w^ould  into  any  other  new  enterprise  there 
can  be  absolutely  no  question  of  ultimate  success.  The  planters 
of  Hawaii  stand  on  an  equal  footing  with  those  of  any  other  of 
the  tropical  countries  of  the  Avorld  in  that  the  cultivation  of 
rubber  is  as  yet  everywhere  only  an  experiment. 

Jared  G.  Smith, 
Special  Agent  in  Charge  of  Hawaii  Experiment  Station. 

Honolulu,  H.  T.,  July  20,  1905. 
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LIME  AN  ESSENTIAL  FAOTOE  IN  FOEAGE. 


By  EDMUND  C.  SHOREY, 
Chemist,  Hawaii  Experiment  Station,  United  States  Department  of  Agriculture. 


The  scientific  feeding  of  live  stock  is  to  so  feed,  that  the 
purpose  for  which  the  animal  is  reared  or  kept  is  accomplished 
without  waste  of  nutrient  material.  When  a  ration  is  so  com- 
pounded that  this  result  is  obtained,  the  ration  is  said  to  be 
balanced.  In  balancing  rations  consideration  has  for  the  most 
part  been  given  to  the  ratio  between  the  protein  on  the  one 
hand  and  the  carbohydrates  and  fat  on  the  other.  These  are 
food  ingredients  proper.  They  furnish  heat  and  energy,  as 
well  as  replace  the  waste  of  the  body.  In  addition  to  these, 
certain  inorganic,  or  ash,  ingredients  are  necessary  for  animal 
life  or  growth.  Among  these  the  most  important  are,  phos- 
phorus, sulphur,  lime,  iron  and  potash. 

In  the  course  of  analysis  of  a  number  of  Hawaiian  grown 
fodders  ^  it  was  found  that  many  contained  so  little  lime  that 
it  would  be  impossible  for  an  animal  to  eat  enough  to  obtain 
what  is  usually  recognized  as  the  requisite  amount  of  this  ash 
ingredient. 

This  lack  of  lime  in  many  of  our  grasses  and  forage  plants 
no  doubt  explains  the  failure  to  obtain  the  best  results,  which 


1  These   analyses   will  be   published   in  full  as  Bulletin   No.  13  of  the 
regular  series  of  this  Station. 


sometimes  follows  the  feeding  of  what  is  otherwise  a  properly 
balanced  ration. 

The  Fimctio7i  of  Lime  in  the  Plajit. —  The  role  which  lime 
plays  in  plant  life  is  not  very  well  understood.  It  is  usually 
absent  from  young-  tissues,  and  is  found  for  the  most  part 
in  the  walls  of  adult  cells,  where  it  is  present  in  organic 
combination.  It  may  also  be  present  as  a  by-product  as 
crystals  of  oxalate  of  lime  deposited  in  the  cells.  The 
higher  plants  cannot  develop  normally  without  lime,  and  for 
this  reason  it  is  regarded  as  being  necessary  for  plant  life. 

Function  of  Lime  1)1  tJie  AnimaL — Lime  forms  an  essential 
part  in  the  bones  of  animals  and  it  is  abundant  in  milk.  More 
than  2%  of  the  live  w^eight  of  a  full  grown,  well  fed  steer  is- 
lime.  Cows'  milk  contains  more  lime  than  does  lime  water, ^ 
generally  in  excess  of  0.15%.  Lime  constitutes  about  20%  of 
the  ash  of  milk,  and  generally  more  than  1.5%  of  the  total 
solids. 

A  lack  of  lime  in  food  will  result  in  improper  bone  develop- 
ment in  the  growing  animal.  This  impaired  development  of 
the  bony  skeleton  will  of  course  react  on  the  general  growth 
of  the  animal,  and  the  purpose  for  which  the  animal  is  fed, 
whether  it  be  the  production  of  beef  or  milk  or  of  work,  will 
not  be  attained.  In  extreme  cases  a  diseased  condition  of  the 
body  may  result. 

So7crces  of  Lime. —  Lime  enters  the  animal  body  both  in  food 
and  drink.  All  flowering  plants  contain  some  lime,  as  do  all 
natural  w^aters.  Surface  w^aters,  however,  in  Hawaii,  except 
in  coral  formations,  contain  but  small  amounts  of  lime  or 
other  mineral  ingredients.  Whether  lime  in  the  form  of  pure- 
ly mineral  salts  such  as  carbonate  or  sulphate  present  in  water, 
is  as  good  a  source  of  lime  for  the  animal  as  the  organic  com- 
bination present  in  plants,  is  not  known.  In  fact  the  whole 
question  of  the  needs  of  animals  for  mineral  food  stuffs  has 
been  neglected,  and  published  analyses  for  the  most  part,  give 
the  total  ash  without  any  consideration  of  its  composition. 

Lime    Varies    iji    Foods. — The  variation  in  the  lime  content 

1  Lime  water  is  a  saturated  solution  of  lime  in  water.  At  80°  F.  such 
a  solution  will  contain  about  0.09%  lime. 
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of  materials  used  for  human  food  is  shown  by  the  following 

figures: 

100  lbs.  dry  material  Contain  lbs.  lime. 

Beef 0.029 

Wheat 0.065 

Potato 0.100 

Egg-  albumen 0.130 

Peas 0.137 

Human  milk 0.243 

Yolk  of  egg 0.380 

Cows'  milk 1.510 

In  fodder  plants  and  materials  the  variation  is  quite  as  wide. 
There  are  three  factors  which  influence  this  variation  which 
should  be  considered  in  this  connection: 

I.  Different  species  of  plants  growing  under  the  same  con- 
ditions have  the  power  of  taking  up  from  the  soil,  and  incorpo- 
rating in  the  plant  tissues  different  amounts  of  inorganic  sub- 
stances. As  an  example  of  this,  sorghum  and  alfalfa  growing 
side  by  side  were  found  on  analysis  to  contain: 

Sorghum  Alfalfa 

Potash 0.41  0.84 

Lime 0.05  0.45 

Phosphoric  Acid 0.15  0.30 

II.  Plants  of  the  same  species  grown  upon  different  soils 
may  contain  different  amounts  of  ash  ingredients.  If  an  ash 
ingredient  is  present  in  the  soil  in  a  soluble  form,  in  large  ex- 
cess over  the  needs  of  the  plant,  the  plant  tissues  will  contain 
an  excess  of  this  ingredient.  A  marked  example  of  this  was 
noted  in  comparing  sisal  fiber  from  Sisal  Plantation  with  that 
from  the  Experiment  Station.  The  total  ash  in  each  was 
approximately  the  same.  In  the  case  of  the  fiber  from 
Sisal  Plantation  where  the  soil  is  disintegrated  coral,  40%  of 
the  ash  was  lime,  while  in  that  from  the  Experiment  Station, 
where  the  soil  contains  less  than  1%  lime  the  amount  was  but  7%. 

III.  Different  parts  of  the  same  plant  contain  different 
amounts  of  ash  ingredients.  In  other  words  the  mineral  matter 
taken  from  the  soil  becomes  localized  in  the  plant.  Seeds  are 
rich  in  phosphorus,  leaves  and  straw  in  potash,  old  mature 
cells  richer  in  lime  than  growing  parts. 

AmounJ  of  Lime  necessary. — It  has  been  found  that  to  main- 
tain full  grown  oxen  the  fodder  should  contain  0.10  lb.  of  lime 


per  day.  In  the  case  of  milch  cows  a  yield  of  20  lbs.  of  milk 
would  contain  0.03  lb.  lime,  and  from  this  it  may  be  concluded 
that  approximately  the  amount  of  lime  required  by  milch  cows 
is  0.13  lb.  per  day. 

The  food  capacity  of  an  average  cow  or  steer  may  be  taken 
as  approximately,  100  lbs.  of  green  fodder  per  day.  Among 
the  fodder  samples  analyzed,  a  large  number  were  found  to 
contain  so  small  an  amount  of  lime  that  in  order  to  obtain  0.13 
lb.,  the  animals  would  have  to  eat  green  fodder  much  in  excess 
of  100  lbs.  per  day. 

Fodders  Low  iri  Lime: — The  following  examples  will  suffi- 
ciently illustrate  this: 

CI  c/    ^  •  Lbs.  green  fodder  necessary  to 

Sample  %  Lime  f^^^^^^  ^ ^^  ^^    Lime. 

Sorghum  (4) 0.05 260 

Cane  Tops       0.01 1300 

"     (2) 0.04 325 

Para  Grass 0.06 216 

"     0.08 162 

"     0.09 144 

Kaffir  Corn ...0.01 -1300 

"     .. 0.04 325 

Millet 0.04 325 

Cassava  Root 0.07 185 

"       0.04 »..    325 

Panicum  crus-galli .  .  .  .0.02 650 

Hilo  Grass 0.08 162 

Buffalo  Grass 0.06 216 

Pilipiliuli 0.02 650 

Kukaipua    ••    .. 0.06 216 

Eleusine  indica 0.04 325 

A  number  of  samples  of  grasses  both  wild  and  cultivated, 
were  found  to  contain  lime  in  excess  of  these  figures.  One 
sample  of  sorghum  contained  0.15%.  Guinea  grass  (2  samples) 
0.22  and  0.17%.  Manienie  or  Bermuda  grass,  0.14%.  Paspalum 
dilitatum  (2  samples)  0.10  and  0.12%.  Pili  grass  0.26%.  While 
too  few  samples  have  been  analyzed  to  warrant  making  any 
general  statement  as  to  average  composition,  there  are  suffi- 
cient data  to  warrant  the  conclusion  that  forage  plants  of  the 
grass  family  grown  in  Hawaii,  are  low  in  lime;  some  extreme- 
ly so. 

Among  the  concentrated  fodders  used  to  increase  the  amount 
of  protein  in  the  ration,  many  are  low  in  lime.     A  sample  of 


bran  was  found  to  contain  but  0.07%  of  lime,  requiring  200  lbs. 
per  day  to  give  the  required  amount.  Rice  bran,  (two  samples) 
contained  0.15  and  0.08%  respectively.  Cocoanut  meal,  0.08%. 
Barley  contains  0.05  to  0.10%.  It  is  easily  seen  from  these 
figures  that  these  concentrates  in  the  amounts  used  to  balance 
a  ration,  cannot  make  up  any  deficiency  of  lime  in  a  sorghum  or 
grass  ration. 

Fodder  Material  High  in  Lime, — Among  green  fodders  the 
legumes  are  decidedly  higher  in  lime  content  than  the  grasses. 
Two  samples  of  alfalfa  were  found  to  contain  0.45  an-d  0.41% 
respectively.  Spanish  clover  {Meibomia  uncinata)  0.19%  and 
Meibomia  triflorum  0.70%.  Algaroba  beans  (two  samples) 
contained  0.28  and  0.34%  respectively.  Two  samples  of  alga- 
roba seeds  alone,  contained  1.00  and  1.10%. 

Among  miscellaneous  fodder  materials  furnishing  lime,  may 
be  mentioned  dried  brewers  grains  with  0.25%,  linseed  meal 
0.40%  and  waste  molasses.  The  lime  content  of  waste  molasses 
is  quite  variable  and  it  is  not  possible  to  state  the  average 
amount  present.  Two  samples  of  molascuite  or  sugar  bran 
made  from  such  molasses,  contained  0.87  and  1.00%. 

Co7tseque?ices  of  feeding  a  Ration  Deficient  in  Lime. — The  re- 
sults which  follow  a  lack  of  lime  in  the  fodder  have  been  al- 
ready outlined  but  it  is  desired  to  emphasize  particularly  one 
point;  the  relation  of  lime  to  milk  production.  Experimental 
data  are  lacking  on  this  point,  but  physiological  considerations 
point  to  the  conclusion,  that  the  amount  of  lime  in  the  fodder 
may  very  easily  be  the  limiting  factor  in  milk  production. 

The  amount  and  composition  of  the  ash  in  the  fluids,  blood, 
milk,  etc.,  of  an  animal  body  are  remarkably  constant.  There 
is,  in  health,  a  constant  adjustment  of  the  distribution  of  the 
mineral  ingredients,  and  any  wide  variation  from  the  normal 
ash  composition  of  the  fluids  of  the  body  is  an  indication  of 
diseased  or  abnormal  conditions.  Those  who  have  to  do  with 
live  stock  generally  realize  the  importance  of  lime  to  the  young 
growing  animal  in  furnishing  bone  material,  but  many  do  not 
realize  the  comparatively  large  amount  of  lime  in  milk.  This 
high  lime  content  is  of  course  really  a  provision  of  nature  to 
meet  the  needs  of  the  young  animal. 

There  is  abundant  evidence  to  prove  that  the  lime  content 
of  cows  milk  does  not  vary,  except  within  narrow  limits,  even 


under  very  diverse  conditions  of  feed.  In  the  case  then,  of  a 
milch  cow  fed  a  ration  deficient  in  lime,  the  milk  secreted  still 
contains  approximately  the  same  percentage  of  lime,  and  to  meet 
the  deficiency  of  lime  in  the  food,  either  the  production  of  milk 
must  decrease  or  the  deficiency  be  made  up  from  the  tissues  of 
the  body.  In  the  latter  case  the  general  health  and  vigor  of 
the  cow  is  affected,  resulting  ultimately  in  a  decrease  in  the 
milk. 

How  to  Meet  a  Deficiency  of  Lime  in  Fodder. — In  a  general 
way  the  answer  to  this  question  is  suggested  by  the  foregoing 
statements  of  analyses.  Shortly  ii  may  be  said  that  a  deficiency 
of  lime  in  fodder  may  be  met: 

1.  By  growing  a  larger  proportion  of  leguminous  crops  for 
green  fodder. 

2.  By  feeding  such  concentrates  as  algaroba  beans,  waste 
molasses  or  products  made  from  it. 

3.  By  supplying  natural  water  containing  more  lime,  or 
lime  water. 

4.  By  the  application  of  lime  or  fertilizers  containing  lime 
to  forage  crops  of  the  grass  family.  Armsby  in  his  Manual  of 
Cattle  Feeding,  recommends  the  use  of  leached  wood  ashes 
sprinkled  over  the  food. 

For  range  cattle  the  introduction  of  legumes  on  the  ranges 
or  such  grasses  as  may  be  found  to  take  more  lime  from  the 
soil,  are  the  most  obvious  remedies. 

Cases  are  on  record  in  Hawaii,  where  cattle  have  become  dis- 
eased from  the  lack  of  lime  in  grass  fodder.     When  such  con- 
ditions indicated  by  emaciation,  soft  bones,  etc.  arise,  a  veter- 
inarian should  be  consulted. 
Honolulu,  T.  H.,  January  2,  1906. 
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The  enemy  of  the  Avocado  or  Alligator  pear  i Pej^sea  ^ratis- 
sima) ,  commonly  known  in  and  about  Honolulu  as  the  "blight 
of  the  Alligator  pear"  or  simply  as  ''pear  blight,"  is,  properly 
speaking,  not  a  blight  at  all  but  an  insect,  one  of  the  mealy- 
bugs, Pseudococciis  7iipae  Mask.,  belonging  to  the  same  family, 
Coccidae,  as  do  scale-insects.  This  family  is  related  to  the 
plant-lice  and  leaf-hoppers  of  the  order  Hemiptera.  ''Blight" 
is  a  term  in  common  use  by  botanists,  or  rather  plant  patholo- 
gists, to  designate  certain  fungus  diseases  of  plants,  these 
fungi  being  low  parasitic  forms  of  plant  life.  Besides  the 
great  injury  and  disfigurement  caused  by  this  mealy-bug  to  the 
foliage,  fruit  and  leaf  buds,  and  terminal  branches  of  the 
Avocado,  the  pest  infests  the  ^z,  grape,  guava  and  bread- 
fruit. 

The  Avocado  mealy-bug  was  described  in  1892  by  Mr.  W. 
M.  Maskell  under  the  name  Dactylopitis  nipae.  The  specimens 
were  received  by  Maskell  from  Demerara  and  were  taken  from 
an  aquatic  palm,  Nipa  fruticans.^  The  insect  is  recorded  for 
the  first  time  in  the  United  States  in  the  Canadian  Entomolo- 
gist with  the  following  note:     "Found  for  the  first  time  in  the 


*  Reprint  of  Press  Bulletin  No.  8 

^Trans.  and  Pro.,    New    Zealand    Institute,    1892,    Vol.    XXV    (1893J 
pp.  232-233. 


U.  S.,  in  the  Harvard  botanical  greenhouse  at  Cambridge, 
Mass.  Introduced."^  Mrs.  Fernald  in  her  catalogue  of  the 
Coccidae  of  the  world  records  the  species  from  Demerara, 
Mexico  and  Massachusetts.'^ 

GENERAL    ACCOUNT. 

The  Avocado  mealy-bug  and  its  related  forms,  including  the 
scale-insects,  represent  the  most  injurious  family  of  insects 
with  which  the  horticulturist  in  a  tropical  country  has  to  con- 
tend. The  short  life-cycle  and  immense  increase  in  succeed- 
ing generations  render  them  capable  of  appearing  in  enormous 
numbers  on  their  respective  food  plants  within  a  very  limited 
space  of  time  and,  in  many  instances,  before  their  presence  is 
detected  by  the  owners  of  the  trees  or  plants.  The  ability  to 
recognize  these  insidious  foes  before  serious  injury  is  accom- 
plished will  enable  the  grower  to  check  the  increase  before  the 
pests  become  epidemic. 

In  general  the  life-history  of  the  members  of  the  family 
Coccidae  is  as  follows:  The  young,  with  few  exceptions, 
are  hatched  from  minute  eggs.  It  is  during  the  e^g  state, 
particularly,  that  these  serious  plant  pests  have  been  trans- 
ported long  distances,  making  the  distribution  of  many  species 
almost  world-wide.  The  young  possess  legs,  a  distinct  head 
and  their  mouth-parts  are  formed  for  sucking.  Soon  after 
hatching,  they  disperse  over  the  plant  to  feed.  This  they  do 
by  inserting  their  beak-like  mouth  or  proboscis  into  the  tissues 
and  sucking  from  the  plant  its  sap.  The  result  of  myriads  of 
individuals  engaged  in  this  operation  can  be  imagined  to  have 
a  very  disastrous  effect  on  the  health  and  even  the  very  life 
of  the  infested  plant.  As  growth  and  the  consequent  develop- 
ment take  place,  these  small  insects  cast  off  their  skins  to  pro- 
vide for  the  increase  in  size.  During  the  developmental  period 
the  males  are  not  unlike  the  females  in  appearance. 

When  full-grown  the  females  remain  stationary  or  practically 
so,  having  undergone  an  incomplete  metamorphosis.  All  the 
female  Coccidae  are  either  partly  or  entirely  covered  by  a  wax- 
like, scaly,  powdery,  or  cottony  excretion  and  also  in  some  in- 

'^King.  Can.  Ent.,  Vol.  XXXIV,  No.  3,  1902,  p.  59. 

='Bul.  88,  Mass.  (Hatch)  Experiment  Station,  1903    p.  107. 
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stances  further  enveloped  in  the  aclnlt  stages  by  the  addition 
to  such  excretion  of  the  cast  skins  of  the  younger  stages.  The 
waxy  covering  of  the  female  insect  affords  a  place  of  protection 
to  the  eii'gs  and  newly  hatched  young  and  offers  more  or  less 
resistance  to  the  '"action  of  the  various  insecticides  in  use  to 
destroy  them.  In  some  instances  tlie  covering  is  scale-like,  in 
others  cotton-  or  mcal-lil<;e.  Thus  we  have  the  common  names, 
as  for  example,  scale-insect,  mealy-bug  and  cottony  cushion- 
scale.  The  cons|)icuous  part  of  the  Avocado  mealy-bug  is  its 
white  meal-like  covering.  The  color  of  the  body  is  yellow 
varying  to  orange.  On  slight  pressure  the  body  of  the  fully 
matured  female  exudes  a  bright  orange  fluid.  Fully  develop- 
ed females  are  represented  on  the  under  side  of  a  leaf  in 
figure  1. 


The  males  when  fully  developed  form  about  themselves  a 
cocoon  and  after  undergoing  a  comidete  metamorphosis  issue 
therefrom  in  the  adult  form  with  a  single  pair  of  wings.  They 
are  minute  in  size  and  would  not  be  observed  by  the  plant 
grower.  In  fact  the  males  of  many  species  are  little  known 
scientifically. 

Both  sexes  are  active  while  young  and  travel  from  tree  to 
tree  where  the  limbs  of  an  infested  tree  overlap  the  limbs  of 


another.  They  are  also  blown  about  on  leaves  by  the  wind 
or  carried  by  water.  They  are  distributed  in  some  instances 
by  species  of  ants  associated  with  them;  and,  in  the  course 
of  commerce,  are  carried  from  one  locality  or  country  to  an- 
other  on  their  food  plants  or  the  products  of  the  same. 

OCCURRENCE    IN   HAWAII 

The  Avocado  mealy-bug:  is  first  recorded  in  Hawaii  by  Mr. 
R.  C.  L.  Perkins  in  1902.     He  says: 

At  the  present  time  probably  the  two  most  injurious  scale  insects  are 
the  purple  scale,  Mytilaspis  citricola,  of  the  citrus  trees  and  the  white 
Eriococcus?  of  the  alligator  pear,  guava,  and  other  trees.  Though  the 
male  scale  of  the  latter  is  readily  eaten  by  several  ladybirds,  a  good  ene- 
my for  the  female  is  much  needed.* 

The  writer  in  the  annual  report  of  this  Station  for  the  fiscal 
year  ending  June  30,  1902,  says: 

The  trees  of  the  Hawaiian  Islands  suffer  continually  because  of  the 
presence  of  an  unusual  number  of  scale-insects,  plant-lice,  and  mealy-bugs. 
One  species  of  the  latter  pest  (Dactylopius  sp.J  is  at  present  doing  great 
injury  to  the  Alligator  pear,  or  Avocado,  in  the  vicinity  of  Honolulu. 
Many  trees  have  died  and  all  are  injured  to  a  greater  or  less  extent.  The 
application  of  kerosene  emulsion  has  been  used  with  success  in  several 
instances  and  will  be  advised  as  a  remedy,  together  with  proper  pruning 
and  cultivation.^ 

Mr.  Wray  Taylor  in  his  report  as  Commissioner  of  Agricul- 
ture and  Forestry  for  1902,  whites: 

The  most  troublesome  blight  that  has  made  its  appearance  is  the 
Eriococcus  on  the  alligator  pear,  fig  and  guava  trees.  About  four  thou- 
sand small  black  ladybirds,  name  unknown  to  our  entomologist,  caught 
in  Hilo,  were  scattered  in  and  around  Honolulu,  but  they  have  not  done 
the  work  it  was  thought  they  would.  Resin  washes  have  been  effective 
in  many  instances,  and  would  be  more  so  if  those  complaining  of  the 
blight  would  spend  a  little  more  time  in  using  the  washes.*' 

Specimens  of  the  Avocado  mealy-bug  taken  in  Honolulu 
from  the  Avocado  and  guava  were  forwarded  on  Sept.  9,  1903, 

'^Rep.  of  the  Governor,  Ter.  of  Hawaii,  Year  ending  June  30,  1902, 
Washington,  1902,  pp.  35,  36. 

•''Ann.  Rep.,  Hawaii  Experiment  Station,  J902,  Office  of  Experiment 
Stations,  U.  S.  Dep't  of  Agriculture,  Washington,  1903,  p.  325. 

*'Rep.  of  the  Comm.  of  Agri.  and  For.,  Ter.  of  Hawaii,  for  the  period 
ending  Dec.  31,  1902,  Honolulu,  1903,  pp.  36,  37. 


to  Dr.  L.  O.  Howard,  Bureau  of  Entomology,  U.  S.  Depart- 
ment of  Agriculture.  Dr.  Howard  replied  under  date  of  Oct.  3, 
1903,  that  the  material  represented  Dactylopius  nipae  Mask. 
Mrs.  Fernald  refers  the  species  to  the  genus  Pseudococcus  in  her 
catalogue.  Mr.  G.  W.  Kirkaldy  in  his  "Preliminary  List  of 
the  Insects  of  Economic  Importance  Recorded  from  the  Ha- 
waiian Islands"'^  and  also  in  '*A  List  of  the  Coccidae  of  the 
Hawaiian  Islands"^  records  the  species  under  the  name  Trecho- 
corys  7iipae  Mask.,  in  his  opinion  both  Dactylopius  and  Pseudo- 
coccus  being  synonyms.  The  first  economic  account  of  this 
species  is  by  the  writer  in  1903.^  Among  others,  a  copy  of 
this  article  was  sent  to  Prof.  T.  D.  A,  Cockerell.  Prof. 
Cockerell  in  acknowledgement  said: 

With  regard  to  Dactylopius  nipae,  there  are  two  apparently  distinct 
species  which  are  usually  confused  and  you  might  perhaps  look  at  your 
form  with  this  in  view.  The  other  species,  D.  pseudonipae ,  is  best  dis- 
tinguished by  the  male  being  yellow.  The  antennae  oi pseudonipae  (fe- 
male) are  always  7-jointed,  those  of  nipae,  7  or  8-jointed.  D.  pseudoni- 
pae is  usually  found  on  palms. 

On  Feb.  12,  1905,  the  writer  took  specimens  of  a  mealy-bug 
very  similar  to  the  Avocado  mealy-bug  from  a  palm  Acan- 
thophoenix  rubra  in  Honolulu  and  forwarded  the  same  to  the 
Bureau  of  Entomology  of  this  Department.  These  were  de- 
termined by  Mr.  J.  G.  Sanders  as  Pseudococcus  pseudonipae  Ckll. 

NATURAL  ENEMIES. 

Several  ladybird  beetles  have  been  observed  feeding  on  the 
Avocado  mealy-bug  of  which  one,  Cryptolaemus  rnontrouzieri 
Muls.,  is  especially  abundant.  This  species  is  a  mealy-bug 
feeder  and  was  collected  by  Koebele  in  Queensland  in  the 
Spring  of  1894  and  forwarded  to  Honolulu  where  it  was  re- 
ceived and  liberated  by  Mr.  Joseph  Marsden,  then  Commis- 
sioner of  Agriculture  and  Forestry.  In  his  report  for  1894, 
Mr.  Marsden  has  the  following  regarding  the  work  of  this  pre- 
daceous  beetle. 

The  work  of  one  ladybird  {Crypto laefnus  montrouzieri) ,  has  been  truly 
marvellous.     A  year  ago,  and  for  the  past  three  years,  all  the  citrus  trees 


^Hawaiian  Forester  and  Agriculturist,  Vol.  I,  No.  6,  1904,  p.  154. 

'The  Entomologist.     (September),  1904,  p.  227. 

'■'The  Mealy  Bug  or  ''Pear  Blight "  of  the  Alligator  Pear.    Press  Bui.  8, 
Hawaii  Experiment  Station,  Honolulu,  1903,  pp.  6,  figs.  3. 


(such  as  the  tamarind,  orange,  lime  and  lemon)  were  affected  by  a  blight 
that  was  terribly  destructive,  so  much  so  that  it  seemed  that  if  relief  was 
not  soon  obtained  the  citrus  trees  would  all  be  destroyed.  Many  of  the 
trees  in  fact  did  succumb  to  the  effects  of  the  blight  which  Mr.  Maskell 
has  named  the  Dactylopius  albizzia.  The  Cryptolaemus  soon  got  to 
work  on  this  blight,  and  increased  to  such  a  wonderful  extent  that  the 
ground,  walls  and  fences  were  soon  covered  with  full-grown,  crawling, 
white  larvae  seeking  suitable  places  to  pupate  and  transform  into  the 
imago,  or  perfect  stage.  Tens  of  thousands  of  the  larvae  were  collected 
and  shipped  to  all  parts  of  the  Islands  wherever  any  of  the  Dactylopids 
were  known  to  exist.  A  great  number  were  shipped  to  Kona  to  attack 
the  coffee  blight  {Pulvinaria  psidii  Mask.),  which  also  belongs  to  the 
Dactylopidae.  For  a  time  the  most  encouraging  reports  came  of  the 
work  this  ladybird  was  doing  on  the  coffee  blight,  but  latterly  letters 
have  been  received  stating  that  the  bugs  do  not  increase  ;  this  is  but  nat- 
ural. The  ladybirds  have  certain  times  for  breeding,  usually  during  the 
summer  months,  and  during  the  winter  they  hibernate.  This  seems  to 
be  the  case  with  the  Cryptolaemus,  for  now  hardly  one  can  be  found  in 
Honolulu,  where  three  months  since  hundreds  of  thousands  were  to  be 
seen.  The  work  of  this  bug  has  been  so  effective  that  many  orange  and 
tamarind  trees  that  for  the  last  three  years  have  borne  no  fruit  and  looked 
as  if  they  would  eventually  succumb,  have  this  year  come  out  in  full 
foliage  and  fruit.  Another  serious  blight  {Dactylopius  longifilus)  made 
its  appearance  on  the  Samang  and  many  other  trees,  and  threatened  to 
prove  a  troublesome  pest.  The  Cryptolaemus,  however,  made  short  work 
of  it,  and  hardly  a  vestige  of  it  can  now  be  found. ^'^ 

This  ladybird  beetle  is  one  of  the  most  active  of  Koebele's 
introduced  beneficial  insects.  Prof.  Koebele  says  in  his  re- 
port for  1897,  speaking  of  scale-insects  : 

Up  to  the  present  time,  some  sixty  species  of  these  have  been  found  on 
the  Islands,  and  some  of  them  would  have  made  it  utterly  impossible  to 
raise  the  citrus  and  coffee  trees  successfully,  in  fact,  most  of  the  shrubs 
and  trees  at  the  time  were  so  infested  by  the  then  recently  introduced 
and  most  pernicious  coccid  ever  met  with,  Dactylopius  vastator  Mask., 
{Psendococcus  filamentosus  ckll.)  that  their  destruction  in  the  near  future 
seemed  imminent  had  not  relief  been  brought.  Without  doubt  their 
destructive  work  would  spread  over  all  the  Islands,  notwithstanding 
the  most  diligent  prevention  on  your  part.  The  scale  had  not  been  met 
with  as  yet  in  any  of  the  other  Islands,  and  at  present  wherever  it  may 
appear,  its  enemies  are  awaiting  it,  the  chief  of  which  is  the  Australian 
ladybird,    Cryptolaemus   montrcu zieri  Mulsant. '^^ 

In  speaking-  further  of  another  mealy-bug,  Dactylopius  ceri- 


^^Rep.  of  Comm.  of  Agri.  and  For.,  Rep.  of  the  Minister  of  the  Int., 
Republic  of  Hawaii,  nine  months  ending  Dec.  31,  1894,  Honolulu,  1895, 
pp.  33,  34. 

i^Rep.  of  the  Ent.  to  the  Hawaiian  Gov't,  for  the  two  years  ending 
Dec.  31,  1897,  Haw.  PI.  Mo.,  Vol.  XVII,  No.  5,  1898,  p.  208. 


ferus  Newstead,  {Pseudococcus  virgatus  Ckll.)  Koebele  says  that 
"This  species  also  is  kept  in  check  by  the  Cryptolaemus  beetles, 
which  increase  to  such  an  extent  in  the  early  summer  that  mil- 
lions of  their  larvae  can  frequently  be  seen  crawling-  around 
where  the  coccids  (mealy-bugs)  abound." 

Mr.  F.  W.  Terry  thus  describes  this  beneficial  beetle: 
Adult.     Distinctly  oval,  the  elytra  (wing  covers)   black,  except  at  the 
posterior  extremities,  which  are  similar  in  coloring  to  that  of  the  thorax, 
i.  e. ,  orange  brown.     The  fine  whitish  hairs  which  cover  the  body  pro- 
duce a  somewhat  greyish  effect. 

Larva.  The  larva  is  really  a  dark  brownish  grey,  but  the  body  is  com- 
pletely hidden  by  a  dense  fluffy  covering  of  white  wax.  Four  longitud- 
inal rows  of  white  pointed  filaments  project  irregularly  beyond  the 
general  mass.  The  general  appearance  of  this  larva  is  so  like  that  of  a 
large  mealy-bug,  that  they  are  often  destroyed  as  such.  Their  active 
movements,  however,  soon  enable  the  careful  observer  to  distinguish 
them  from  their  stationary  prey.  ^'^ 

It  is  regrettable  that  this  mealy-bug^  enemy  is  not  as  efficient 
a  check  to  the  pest  under  discussion  as  it  has  proved  to  be  of 
certain  other  species  and  it  follows  that  the  fruit  grower  must 
employ  active  measures  of  suppression  if  he  would  grow  the 
plants  infested  by  the  Avocado  mealy-bug.  A  rather  detailed 
accounc  of  the  above  ladybird  beetle  is  g"iven  in  order  that  the 
practical  man  may  appreciate  its  value  to  him  in  its  work 
against  other  enemies  of  his  plants  and  recognize  it  as  a  species 
worthy  of  his  attention  and  protection.  On  the  other  hand, 
when  a  plant  becomes  infested  with  an  insect  pest  and  it  is 
obvious  that  if  unchecked  its  presence  becomes  a  menace  to 
the  development  of  the  plant,  the  idea  is  absurd  that  spraying 
or  fumigatation  should  not  be  employed  because  of  the  re- 
sulting injury  to  the  beneficial  species  associated  with  the  pest. 
In  no  other  country  are  the  natural  enemies  of  insect  pests 
better  understood  or  appreciated  than  in  the  United  States  yet 
the  economic  entomologists  of  the  various  agricultural  institu- 
tions agree  that  to  cease  the  active  warfare  ag^ainst  the  enemies 
of  the  field  and  orchard  would  be  nothing  less  than  suicidal  to 
the  agricultural  interests  of  the  country. 


^'^The  Hawaiian  Forester  and  Agriculturist,  Vol.  1,  No.  11,  1904,  p. 
300,  301. 


REMEDIES 

Cultural  methods: — Up  to  the  present  time  there  has  been  no 
effort  to  cultivate  the  Avocado  or  Alligator  pear  in  these 
Islands.  There  are  no  orchards,  as  we  understand  such  plant- 
ings on  the  Mainland.  The  conditions  under  which  the  trees 
are  growing  in  closely  planted  door-yards,  does  not  favor  vigor 
and  productiveness.  The  lack  of  cultivation  and  fertilization 
affects  the  vitality  of  a  tree  or  plant  and  an  unhealthy  plant  is 
readily  attacked  by  its  insect  enemies  and  their  increase  pro- 
moted. Vigorous  cultivation  and  supplying  by  fertilizers  the 
needful  plant  food  are  recognized  as  direct  aids  to  trees  and 
plants  in  enabling  them  to  withstand  insect  injury. 

Kerosene  emulsion. — The  insecticide  that  will  prove  the  most 
effective  against  the  Avocado  mealy-bug  and  other  related 
pests  is  an  emulsion  of  kerosene  or  coal-oil.  The  mixture  is 
prepared  as  follows: 

Dissolve  one-half  (/4)  pound  of  whale-oil  soap  (or  any  hard 
laundry  soap  shaved  fine)  in  one  (1)  gallon  of  water  while  the 
water  is  boiling  over  a  fire.  When  the  soap  is  thoroughly  dis- 
solved, remove  the  solution  a  safe  distance  from  the  fire  and 
pour  it  into  two  (2)  gallons  of  kerosene  (coal-oil).  Empty 
coal-oil  tins  from  which  the  tops  have  been  removed  will  do 
as  containers.  While  hot  the  mixture  should  be  churned  or 
agitated  voilently  until  the  oil  is  thoroughly  emulsified  with 
the  soap  and  water  solution.  A  perfect  emulsion  is  best 
secured  by  using  a  strong  force  pump  to  pump  the  mixture 
back  into  itself,  the  nozzle  having  an  opening  throwing  a 
direct  stream.  By  this  means  a  perfect  emulsion  can  be  made 
in  from  five  to  ten  minutes.  If  the  emulsion  is  perfect,  it  will 
on  cooling  have  a  thick,  creamy  consistency  and  no  free  oil  will 
rise  to  the  surface, 

A  good  type  of  pump  for  use  in  preparing  kerosene  emulsion 
is  illustrated  in  Figure  2  at  B.  The  above  mixture  is  a  stock 
solution  and  must  always  be  diluted  before  applying  to  the 
infested  tree  or  plant.  If  on  dilution  free  oil  is  in  evidence, 
the  mixture  should  not  be  used  but  the  stock  solution  should 
be  re-heated,  being  careful  not  to  allow  the  oil  to  take  fire, 
more  soap  should  be  added  and  the  mixture  again  agitated. 
Very  hard  water  will  not  make  a  good  emulsion  and  if  the 
water  is  hard,  it  may  be  found  necessary  to  use  rain  water  or 


soften  the  water  by  the  addition  of  lye.  The  emulsion  will 
keep  perfectly  well  for  several  weeks  and  should  not  be  diluted 
until  wanted  for  use. 


-^ 


Htrea 


•  on.     Tbe    nozzle    can    be    adjusted 
spray,     (original.) 


Kerosene  emuhion  vs.  resin  wash. — The  ingredients  entering 
into  the  composition  of  kerosene  emulsion  are  common  com- 
modities of  the  household  while  the  substances  used  in  the 
preparation  of  resin  wash  are  not,  and,  in  some  instances,  are 
not  easily  attainable.  On  the  market  in  Honoluhi  they  are, 
moreover,  more  expensive  than  in  localities  on  the  mainland. 
Kerosene  emulsion  can  be  made  in  a  few  minutes  while  the 
resin  wash  takes  at  least  two  hours  of  constant  boiling  and 
attention.  Resin  wash  is  preferably  used  while  warm  and  in 
some  instances  must  be  re-heated  before  dibition  because  of  a 
cliaracteristic  sediment   on  standing.     Kerosen,e   emulsion   is 
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easily  diluted  when  cold  and  heating  does  not  increase  its 
effectiveness.  Resin  wash  acts  principally  as  a  covering  to 
the  pests,  killing  by  suffocation.  This  property  necessitates 
its  remaining  on  the  infested  plant  for  a  considerable  period 
and  therefore,  because  of  the  variable  and  frequent  rains,  the 
quicker  acting  and  caustic  kerosene  emulsion  is  better  suited 
to  Hawaiian  conditions.  Kerosene  emulsion  kills  by  contact 
and  is  practically  immediate  in  its  action.  The  resin  wash  has 
been  used  with  great  success  in  the  control  of  certain  scale- 
insects  as  a  winter  wash  in  temperate-zone  localities  where  the 
absence  of  foliage  permitted  the  use  of  a  strong  solution  or  in 
other  localities  during  seasons  when  the  absence  of  rain  would 
insure  the  wash  remaining  on  the  plants  for  a  period  of  several 
weeks. 

Spraying, —  In  using  the  kerosene  emulsion  as  a  remedy  for 
the  Avocado  mealy-bug,  dilute  one  part  of  the  stock  solution 
with  fifteen  parts  of  water.  Agitate  the  mixture  thoroughly 
and  apply  with  a  spray  pump.  This  strength  is  not  sufficient 
to  kill  all  the  forms  of  the  mealy-bug  but  is  necessitated  by 
the  danger  of  injury  to  the  foliage.  Concentrated  washes  and 
strong  solutions  cannot  be  used  in  the  warfare  against  plant 
pests  in  Hawaii  because  of  the  variability  of  plant  growth  and 
the  fact  that  the  plants  are  in  constant  leaf.  The  plants  and 
trees  are,  in  comparison  to  temperate-zone  plants,  quick  grow- 
ing and  succulent  with  a  resulting  lessening  of  the  power  of 
resistance  to  the  action  of  spraying  mixtures.  Many  of  the 
common  trees  and  shrubs  would  be  killed  out  by  a  single 
severe  frost.  As  regards  the  Avocado,  the  above  strength 
will  kill  the  immature  forms  with  the  exception  of  the  eggs 
and  the  very  young  still  protected  beneath  the  adult  females. 

The  spraying  should  be  repeated  in  about  two  weeks  to  kill 
the  forms  that  have  developed  and  dispersed  over  the  tree  in 
the  meantime.  In  the  case  of  badly  infested  trees  it  has  been 
found  necessary  to  spray  still  a  third  time,  between  three 
weeks  and  a  month  after  the  second  application,  to  kill  the  im- 
mature forms  that  have  arisen  from  the  adults  that  escaped 
the  previous  operations. 

If  the  trees  are  sprayed  before  the  new  growth  starts  pre- 
ceding the  bearing  season,  a  much  stronger  solution  may  be 
used.     A  solution  consisting  of  one  part  of  the  stock  mixture 
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diluted  with  only  nine  parts  of  water  can  then  be  applied.  The 
old  leaves  are  then  dropping  and  there  is  no  new  growth  to  be 
injured.  This  strong  solution  should  not  be  used  before  the 
old  leaves  begin  to  drop  or  after  the  new  fruit  and  leaf  buds 
start.  One  thorough  spraying  at  this  time  with  the  above 
strength  will  kill  nearly  all  of  the  mealy-bugs  and  if  a  second 
spraying  with  the  weaker  dilution  is  given  after  the  new  growth 
has  started,  the  trees  will  be  well  cleaned  of  the  pest.  There- 
after the  new  growth  should  be  carefully  inspected  for  the 
appearance  of  the  young  forms  and  if  observed,  the  spraying 
with  the  weak  dilution  should  be  repeated. 

The  base  of  the  tree  should  be  wrapped  with  gunny  sacks 
during  the  operation  of  spraying  to  prevent  the  emulsion  run- 
ning down  the  trunks  and,  collecting  at  the  crown,  causing 
injury.  The  spraying  should  not  be  done  in  the  noon-day  heat 
of  the  sun  for  there  is  not  only  a  greater  possibility  of  injuring 
the  foliage  but  also  there  is  a  rapid  evaporation  of  the  oil  and 
a  consequent  lessening  of  the  length  of  time  for  the  emulsion 
to  act  on  the  pests.  Spraying  on  windy  days  should  also  be 
avoided  since  the  spraying  is  uneven,  a  great  deal  is  wasted 
and  evaporation  is  rapid. 

The  emulsion  should  be  applied  to  the  insects  and  not  to  the  tree. 
All  infested  portions  should  be  treated  since  a  single  infested 
branch  if  overlooked,  becomes  a  menace  to  the  rest  of  the  tree. 
The  emulsion  must  be  applied  as  a  finely  divided  spray  or 
mist  which  when  brought  in  close  proximity  to  the  infested 
portions  of  the  tree  will  settle  evenly  over  the  mealy-bugs. 
Treat  the  inner  part  of  the  tree  first  and  then  commence  at  the 
top  on  the  outside  and  spray  one  side  of  the  tree  at  a  time. 
Collect  and  destroy  all  leaves  that  fall  and  destroy  all  guavas 
growing  wild  in  the  vicinity  of  the  trees  since  they  harbor  this 
pest. 

Spraying  apparatus:  Through  the  efforts  of  this  Station, 
several  types  of  spray  pumps  and  accessories  suited  to  the 
present  demands  in  Hawaii  are  on  the  market  in  Honolulu. 
The  pump  best  adapted  to  prepare  the  emulsion  has  already 
been  referred  to  and  is  shown  in  Figure  2.  With  the  exception 
of  areas  devoted  to  pineapples  and  coffee  and  several  plantings 
of  fruit  trees  of  greater  or  less  extent  (including  Citrus, 
Avocado,  Fig,  Mango  and  Papaia  trees)  there  is  no  demand 
for  an  elaborate  spraying  outfit.     The  general  demand  is  for 


what  might  be  termed  a  "  dooryard  outfit."  After  many  trials, 
the  most  satisfactory  and  cheapest  machine  has  proved  to  be 
a  5-ga1lon  bucket  outfit  to  which  has  been  attached  an  extra 
length  of  hose  and  an  extension  rod.  8nch  an  outfit  is  illus- 
trated in  Figure  3.     For  the  reason  that  a  spray  will  not  carry 


Fig.  3 — Bucket-outfit  supplied  with  an  extra  length  of  hose  an<l  an  ex- 
tension rod  in  use  against  a  scale-insect  on  an  orange  tree.      (original.) 

any  distance  the  nozzle  must  be  brought  in  close  proximity  to 
the  part  of  the  tree  to  be  treated.  This  is  done  by  means  of 
the  extension  rod.  Several  barrel  outfits  mounted  on  wheels 
have  been  purchased  for  use  by  owners  of  larger  phmtings  of 
fruit  trees.  The  use  of  these  results  in  a  large  saving  of  labor 
and  time.  The  type  is  one  selected  by  this  Station  and  recom- 
mended after  a  thorough  trial.  Since  the  bucket  outfit  meets 
the  present  demand,  it  is  deemed  unnecessary  to  discuss  the 
question  of  pumps  more  in  detail.  The  Station  invites  in- 
quiries on  any  phase  of  the  subject  and  is  prepared  to  give 
definite  advice  on  the  type  of  pump  needed  in  any  particular 
case,  its  cost,  where  it  can  be  obtained  and  will  give  also 
personal  instruction  in  the  operation  of  spraying. 
Honolulu,  T.  H.,  January  13,  1906. 
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the:  mango  wee:vil. 

(Cryptorhynchiis  mangiferae  Fabr.) 


By  D.  L.  Van  Dine, 

Entomologist,    Hawaii   Experiment   Station,   United    States   De- 
partment of  Agriculture. 


Thie  destructive  work  of  the  mango  weevil  in  the  seeds  of 
mangoes  was  noted  in  Hawaii  for  the  first  time  last  year.  The 
nature  of  the  insect  and  its  injury  point  it  out  to  all  persons 
interested  in  the  culture  of  the  mango  as  a  serious  pest.  In 
the-  family  Curculionidae,  tO'  wJiich  this  beetle  belongs,  occur 
numerous  species  of  the  most  injurious  character.  The  cotton 
boll-weevil  has  destroyed  over  $50,000,000  worth  of  cotton  in 
the  Southern  United  States  since  its  appearance  in  Texas  in  1892. 
The  curculios  of  the  apple,  plum,  quince  and  strawberry  do  enor- 
mous damage  to  these  and  related  fruits.  The  chestnut  weevil 
and  the  acorn  weevil,  extending;  their  injury  to  other  nuts,  have 
added  greatly  to  the  evil  reputation  of  this  family  of  beetles. 
Looking  in  the  future  to  the  Mainland  as  a  market,  it  is  readily 
seen  that  to  prevent  an  embargo  on  mangoes,  this  enemy  must  be 


controlled  and  its  widespread  distribution  throughout  the  islands 
of  the  group  prevented.  The  present  limited  knowledge  of  the 
mango  weevil  is  herewith  presented  to  aid  those  interested  in 
the  problem  in  formulating  an  outline  of  warfare. 

ITS   HISTORY 

Mr.  E.  A.  Schwarz,  of  the  Ujiited  States  Bureau  of  Ento- 
mology, to  whom  the  writer  is  indebted  for  the  determination 
of  the  mango  weevil,  says  in  a  letter,  under  date  o-f  July  26,  1905  : 

The  weevil  is  Cryptorhynchus  mangiferae,  originally  described  by 
Fabricius  (Systema  Entomol,  p.  139,  i774)  without  locality.  Since  that 
time  it  has  often  been  described  and  figured.  I  think  that,  after  all,, 
the  best  description  is  that  by  Boheman  in  Schoenherr's  Gen.  et.  Spec. 
Cure,  vol.  IV,  pt.  I,  p.  91.  Its  original  home  is  uncertain,  for  sinc^ 
many  years  it  has  spread  (no  doubt  through  the  agency  of  man)  through- 
out the  "Oriental  Region"  from  Madagascar  through  India,  Ceylon,  etc, 
to  Java  and  other  Malayan  Islands.  It  probably  occurs  now  also  in 
many  of  the  islands  of  the  Pacific  Ocean,  although  I  fail  to  find  any 
records.  The  species  is  not  enumerated  by  Sharp  from  the  Hawaiian 
Islands  and  is  no  doubt  a  recent  introduction  there. 

The  weevil  appears  to  be  extremely  injurious  to  mangoes,  and  ac- 
counts of  its  ravages  are  numerous.  The  literature  is,  however,  net 
easily  accessible,  the  most  available  reports  being  in  the  "Indian  Museum 
Notes"  (at  several  places).  A  paper  on  the  mango  weevil  by  Mr.  Sim- 
mons, read  before  the  Calcutta  Microscopical  Society  is  referred  to  in 
Nature,  Vol.  37,  1888,  March  22,  p.  492,  and  there  seems  to  be  a  full  ac- 
count in  a  work  (which  I  have  not  seen)  entitled  "Les  insectes  nuisibles 
au  Manguier  a  Tele  Maurice"  par  D.  L'Emmery  de  Charnoy,  Paris,  1898. 
The  oldest  economic  and  illustrated  account  appears  to  be  by  Hubner  in 
the  "Naturforscher,"  vol.  XXIV,  1789,  a  publication  quite  unknown  to 
me.  Larva  and  pupa  are  tolerably  well  figured  in  the  "Indian  Museum 
Notes," 

The  following  is  taken  from  an  article  by  Mr.  E.  C.  Cotes  in 
the  "Indian  Museum  Notes"  :  ^ 


^E.  C.  Cotes,  Further  Notes  on  Insect  Pests,  Indian  Museum  Notes, 
Calcutta,  vol.  I,  1889- 1891,  No.  11,  The  Mango  Weevil  {Cryptorhynchus 
mangiferae),  pp.  45-46.  Plate.  (Taken  from  a  paper  by  W.  J.  Simmons 
in  th€  Journal  of  the  Agricultural  and  Horticultural  Society  of  India, 
Volume  VIII,  Part  II,  new  series.) 
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The  geographical  range  of  the  pest  tinder  consideration  is  extensive. 
It  is  found  in  the  Isle  of  France  and  in  Madagascar,  and  it  would  be 
interesting  to  learn  something  about  its  ravages,  and  to  ascertain  when 
it  was  first  observed,  how  supposed  to  be  introduced,  etc.,  in  the  islands 
named.  It  does  not  yet  affect  all  the  mango-producing  districts  of  India, 
but  its  march  is  progressive.  Restricted  apparently  at  one  time  to  Dacca 
and  the  Southeastern  districts,  Backergunge,  Furridpore,  etc.,  I  learn  it  is 
working  its  way  westward  and  northward,  and  throughout  Bengal  and 
the  neighboring  districts.  An  article  on  the  subject  will  be  found  at 
page  558  of  Reis  and  Rayyet  for  1885,  in  which  we  are  told  that  this 
insect-pest  has  invaded  the  Presidency,  and  that  in  the  season  of  1885  it 
showed  itself  in  the  well  kept  orchard  of  Kaly  Kissen  Tagore.  I  learn 
from  a  gentleman  residing  in  Ballygunge  that  every  tree  in  his  garden  is 
infected.  Rcis  and  Rayyet  also  informs  us  that  Slyhet  was  formerly 
practically  free  from  this  circulio,  two  or  three  mangoes  per  1,000  alone 
being  tainted.  During  the  last  few  years  the  pest  has  gained  ground  so 
rapidly  in  Sylhet  that  now  not  a  single  tree  nor  fruit  is  free. 

ITS    INTRODUCTION 

The  mango  weevil  is  not  recorded  by  Dr.  R.  C.  L.  Perkins  in 
that  part  of  Fauna  Hawaiiensis,  published  in  1900,  dealing  with 
the  family  of  beetles  to  which  this  species  belongs.  As  the  col- 
lection of  the  species  therein  recorded  by  Dr.  Perkins  ceased 
some  two  years  previous  to  the  above  date,  it  is  almost  certain 
that  the  weevil  of  the  mango  has  been  introduced  since  1898.  It 
came  from  India,  or  possibly  the  Philippines,  if  it  occurs  in  the 
latter  country,  since  mangoes  have  been  shipped  to  Hawaii  from 
both  places.  The  beetle  was  introduced  either  during  the  de- 
velopmental period  in  the  seeds  or  in  the  hibernated  state  in  the 
soil  about  plants  from  the  infested  countries,  or  possibly  even  in 
packing  or  crevices  of  boxes  containing  plants. 

ITS   OCCURRENCE    IN    HAWAII 

The  mango  weevil  is  first  recorded  from  the  Hawaiian  Islands 
by  the  writer  in  August,  1905.^     The  first  specimen  observed  was 


^Pacific  Commercial  Advertiser,  Honolulu,  August  11,  1905,  p.  3,  and 
The  Hawaiian  Forester  and  Agriculturist,  Vol.  II,  No.  8,  (August),  Hono- 
lulu, 1905,  pp.  22,1-22,^, 


a  pupa  that  Mr.  J.  E.  Higgins  discovered  July  S,  1905,  within 
the  seed  of  a  mango  that  he  had  collected  at  Mr.  Allan  Herbert's 
former  place  at  Kalihi,  Island  of  Oahu.  Two  days  laiter  the 
writer  visited  the  district  of  Moanahia,  this  Island,  and  there 
found  larvae,  pupae  and  adults  within  the  seeds  of  various  varie- 
ties of  mangoes.  Mr.  Donald  Maclntyre,  Superintendent  of 
Moanalua  Gardens,  had  not  noticed  the  presence  of  the  weevil  in 
the  seeds  for  the  reason  that  for  the  past  two  years  he  had  not 
removed  the  husks  from  the  seeds  before  planting  them.  For 
seven  years  previously,  howiever,  Mr.  Maclntyre  informed  the 
writer  that  he  had  practiced  the  removal  of  all  husks  before 
planting  seeds  in  the  nursery  and  it  is  reasonable  to  suppose  from 
this  that  the  weevil  made  its  advent  into  the  Moanalua  Gardens 
not  earlier  than  1903.  Inquiry  of  Mr.  David  Haughs,  Mr.  J.  E. 
Higgins  and  Mr.  G.  P.  Wilder,  all  prominently  interested  in 
mango  culture,  brought  out  the  information  that  the  weevil  had 
not  been  observed  in  Honolulu  up  to  the  summer  of  1905.  Mr. 
Haughs,  in  his  connection  with  the  Territorial  Government  Nur- 
sery, has  planted  mango  seeds  for  many  years  and  has  practiced 
removing  the  husks  from  the  seeds  for  horticultural  reasons. 
The  diistribution  last  year,  then,  so  far  as  is  known,  w!as  con- 
fined to  this  Island  (Oahu)  and  extended  from  Kalihi  to  Moana- 
lua. 

In  July,  1906,  Mr.  Alexander  Craw  in  a  report  as  Superin- 
tendent of  Entomology  to  the  Territorial  Board  of  Commission- 
ers of  Agriculture  and  Forestry,  recorded  the  mango  weevil  as 
having  been  found  this  season  from  Palama,  Honolulu,  to  Pearl 
City.i 

Mr.  Otto  Swezey  informed  the  writer  that  he  found  specimens 
of  the  larvae,  pupae  and  adults  within  the  seeds  of  ripe  fallen 
mangoes  on  Gulick  avenue,  Honolulu,  on  June  12th,  1906,  and 
Dr,  R.  C.  L.  Perkins  likewise  states  that  he  had  found  mangoes 
infested  with  the  beetle  this  season  at  his  home  in  Nuuanu  Val- 
ley.     The  beetle  is  seen  to  have  extended  its  distribution  over  a 


^Hawaiian  Forester  and  Agriculturist,  Vol.  Ill,  No.  7,   (July),  Hono- 
litlu,  1906,  pp.  198-199. 


:C0^! 


J  N  JURY. 

F'-xpIanatioii  ol  Plate:  A,  Larvae,  pupae  and  adults  of  the  weevil, 
slightly  reduced,  B,  a  seed  showing  exit  of  adult  weevil  after  completing 
<;level(jpment  within.  C,  half  a  mango  with  fully  developed  larva  withui 
newly  prepared  pupal  cell.  D,  half  of  mango  showing  destruction  to 
seed,     (Wiotographs  by  the  «intIior.) 


considerable  area  during  the  past  year.  It  is  known  that  man- 
goes were  shipped  to  the  Island  of  Maui  last  year  from  the  in- 
fested district  (before  the  presence  of  the  weevil  had  been  dis- 
covered), and  it  is  probable  that  the  weevil  has  been  carried  to 
that  island.  To  date  the  reported  distribution  is  confined  to  the 
Island  of  Oahu  and  extends  from  Nuuanu  Valley,  Honolulu,  in 
the  Ewa  direction  to  Pearl  City. 

THE  WEEVIL  AND  ITS  LIFE-CYCLE      (See  Plate  I,  A.) 

As  a  beetle,  the  mango  weevil  has  a  thick  pair  of  wing-covers 
which,  when  folded  together  at  rest,  give  the  body  the  appear- 
ance of  a  shell.  The  wing-covers  are  much  rounded  and  ex- 
tremely hard.  As  a  weevil,  the  head  is  prolonged  in  front  into 
a  beak  or  rostrum,  bearing  the  antennae  on  its  sides  and  the 
modified  mouth-parts  at  the  extreme  end.  The  mouth-parts  are 
formed  for  gnawing.  In  the  mango  weevil,  the  beak  is  short 
and  thick  and  when  at  rest  is  turned  back  beneath  the  thorax  in  a 
groove  terminating  between  the  first  pair  of  legs.  The  adult 
weevil  varied  from  1/4  of  an  inch  to  5/16  of  an  inch  in  length 
in  the  specimens  measured.  When  newly  developed,  the  adult 
is  a  whitish  pink  in  color,  but  soon  changes  to  a  dark  brown 
with  yellowish  markings. 

The  beetle  feigns  death  on  being  disturbed  and  drops  to  the 
ground  with  the  head  drawn  well  under  the  thorax  and  the  legs 
folded  beneath  the  body.  Its  protective  resemblance  to  coarse 
earth  and  debris  is  particularly  noticeable.  Nothing  has  been 
observed  in  regard  to  the  food  habits  of  the  adult. 

The  eggs  of  the  mango  weevil  were  found  on  mangoes  from 
one-half  to  three-fourths  fully  grown,  situated  alongside  a  sligjit 
incision  on  the  rind.  The  writer  has  not  observed  egg-laying  or 
carefully  noted  the  habits  of  the  weevil  as  regards  oviposition,  but 
is  inclined  to  think  that  the  eggs  in  the  instances  seen  were  prob- 
ably placed  within  the  incision  or  cavity  and  later  forced  out  by 
the  exudation  of  juice,  an  amount  of  which  in  a  dried  condition 
enveloped  them*. 

The  larvae  in  appearance  are,  generally  speaking,  like  the  sugar- 


cane  borer  (the  larva  of  Sphenophorus  obscurns),  that  is,  foot- 
less, ''fleshy''  grubs,  light  in  color,  with  a  dark  head.  The  en- 
tire development  after  hatching  from  the  egg  is  undergone  within 
the  seed.  When  fully  developed,  the  larva  constructs  a  pupal 
cell,  surrounded  simply  by  the  excrement,  within  the  tunnel 
formed  by  feeding,  and  transforms  to  the  pupa.  The  inactive 
pupa  is  perfectly  white  in  color  with  the  developing  head,  legs, 
wings  and  body-parts  plainly  indicated. 

The  lengdi  of  the  various  stages  in  the  life-cycle  of  the  mango 
weevil  can  be  given  only  approximately  from  this  year's  notes. 
In  the  locality  under  observation,  the  adults  became  active  about 
May  1 6th.  The  first  newly  hatched  larvae  were  to  be  seen  from 
May  28th  on.  Pupae  were  found  on  June  27th  and  adults  on 
July  3rd.  The  first  adult  weevils  seen  of  this  year's  brood  w^ere 
those  reported  by  Mr.  Swezey,  taken  by  him  June  12th  on  Gulick 
avenue,  Honolulu.  The  mango  crop  in  that  locality,  how^ever, 
was  nearly  a  month  earlier  than  at  the  place  where  the  above 
notes  were  taken.  The  life-cycle  appears  to  be  approximately 
40  days  in  length  and  there  can  be  but  one  brood  a  year. 

ITS  HIBERNATION 

The  various  stages  of  the  mango  weevil  were  found  last  sea- 
son all  through  July,  following  the  discovery  of  the  msect.  Not 
more  than  one  specimen  was  found  in  any  one  seed.  During 
August,  refuse  seeds  and  the  seeds  of  fallen  mangoes  contained 
som-e  pupae  and  many  adults.  As  late  as  September  nth  the 
seeds  beneath  trees  in  the  infested  district  contained  adults  hut 
in  no  great  numbers.  It  appeared  that  the  beetles  remained  in 
the  seeds  for  a  time  after  completing  their  full  development.  On 
the  last  date  mentioned,  September  nth,  three  living  adults  w^ere 
removed  from  as  many  seeds  and  placed  in  a  tightly  corked  phial 
beneath  a  plitg^  of  cotton.  On  October  13th  all  of  these  speci- 
mens were  living.  The  writer  was  absent  from  the  Territory  for 
nearly  a  month,  but  upon  his  return,  November  15th,  one  weevil 
had  died.  Another  weevil  failed  to  show  signs  of  life  on  Janu- 
ary 3rd.      The  third  specimen  lived  until  February  10th.      From 


Fig.  2.— A    stone    wall    beneath      inan<>;o    trees    in    which    hibernritcd 
;>vils  where  foimd  in  larpe  numbers.     (Photograph  by  the  author.) 

PLACES   IH   WHICH   H.lBERN.'\TEr)  WEE\'ILS  ARE  FOUND. 


these  observations  it  was  evident  that  the  insect  could  pass  a  con- 
siderable period  in  an  inactive  state.  The  same  date  the  above 
experiments  were  begun,  a  quantity  of  seeds  from  fallen  man- 
goes fromi  the  infested  district  was  placed  in  a  breeding  cage. 
The  idea  was  to  determine  the  length  of  time  the  adults  would 
continue  to  appear  from  within  the  seeds.  After  making  an 
exit  through  the  husks  the  beetles  showed  no  tendency  to  remain 
within  the  seeds.  Appa,rently  nearly  all  the  weevils  had  left ; 
however,  on  October  4th,  four  specimens  were  found  on  the  wire 
screen  above  the  seeds.  One  specimen  appeared  on  October  15th 
and  on  November  i6th  the  seeds  were  all  taken  out  and  ex- 
amined and  two  dead  specimens  were  found  out  of  the  seeds  on 
the  floor  of  the  breeding  cage,  having  issued  from  the  seeds  be- 
tween October  15th  and  the  last  date  mentioned  during  the  ab- 
sence of  the  writer.  No-  weevils  were  contained  in  the  remain- 
ing seeds. 

At  this  time  a  visit  was  made  to  the  infested  district  and  all 
traces  of  the  weevil  had  disappeared.  Diligent  search  failed  to 
show  where  they  were  until  January  30th  when  the  writer  found 
them  by  the  hundreds  in  the  crevices  of  an  old  board  fence  and 
stone  wall  beneath  a  group  of  neglected  mango  trees  in  a  de- 
serted kuleana  in  Moanalua  Valley.  (See  Plate  II.)  The  writer 
believes  that  the  larger  portion  of  the  weevils  went  into  hiber- 
nating quarters  in  similar  places  during  the  latter  part  of  August 
and  the  first  part  of  September.  The  weevils  were  found  in  a 
state  of  hibernation  in  that  particular  locality  up  to  May  i6th. 
An  active  beetle  was  observed  on  the  foliage  of  a  nearby  mango 
tree  on  that  date.  At  this  time  the  fruit  crop  was  about  one- 
half  grown. 

ITS   ENTRANCE  TO  THE  SEED 

From  May  i6th  on,  hundreds  of  mangoes  were  sectioned  in 
halves  to  find,  if  possible,  evidences  of  the  larvae  within  the 
seeds.  May  28th  one  newly  developed  larva  was  found  within 
the  seed  of  a  nearly  full-grown  mango.  In  several  instances 
thereafter  newly  hatched  larvae  were  found  within  the  seed  and 
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a  faint,  irregular  discolored  line  or  track  leading  from  the  tiny 
burrow  within  the  seeds  through  the  husk  and  into  the  flesh,  indi- 
cated the  mode  of  entrance.  It  is  to  be  seen  from  this  that  the 
fruit  is  infested  rather  late  in  its  development.  The  larva,  ap- 
parently, on  hatching  from  the  egg  on  the  rind  or  in  the  flesh, 
burrows  at  once  to  the  seed  within  the  husk  and  the  resulting  in- 
jury to  the  tissues  of  the  fruit  is  so  slight  that  soon  all  evidences 
of  the  means  of  entrance  become  effaced. 

ITS  INJURY       (See  Plate  I,  B,  C,  and  D.) 

The  mango  weevil  is  not  knowji  to  attack  any  other  fruit.  Its 
injury  to  the  mango  is  primarily  the  destruction  of  the  seed.  The 
incisions  in  the  rind  do,  of  course,  blemish  the  fruit  and  offer 
places  of  infection  for  the  germs  of  decay.  In  the  first  lot  of 
mangoes  examined  on  July  7,  1905,  it  was  estimated  that  about 
60  per  cent,  were  infested,  that  is,  out  of  44  seeds  examined,  28 
contained  either  the  larval,  pupal,  or  adult,  weevil.  The  in- 
spection of  another  lot  oif  seeds  six  days  later  resulted  as  follows, 
16  seeds  each  of  the  "Number  9,"  the  Chutney  and  the  so-called 
^'Hawaiian"  variety  being  taken :  Of  the  Number  9,  5  were  in- 
fested;  of  the  Chutney,  10  were  infested;  and  of  the  Hawaiian, 
S  were  infested. 

The  following  results  were  obtained  from  seeds  planted  in 
seed-beds:  Twelve  seeds  each  of  the  Chutney  and  ''Number  i" 
were  selected  at  random,  and  of  the  former,  10  were  infested. 
Of  the  latter,  3  were  infested.  All  of  the  infested  seeds  had 
failed  to  germinate.  In  both  instances  the  Chutney  variety 
showed  the  largest  number  of  infested  seeds. 

The  injury  is  much  greater  this  season  than  last.  The  writer 
estimates  that  fully  80  to  90  per  cent,  of  the  mangoes  are  in- 
fested this  year  in  what  was  considered  the  infested  district  last 
year.  Where  the  weevil  occurs  for  the  first  time  this  season,  the 
infection  is  not  so  great.      Not  more  than  a  single  specimen  was 


observed  within  a  seed  last  year.  As  many  as  four  larvae  have 
been  found  within  a  single  seed  this  season  and  two  and  three 
specimens  within  a  seed  are  common.  Where  as  manv  as  three 
or  four  larvae  occur  within  one  seed,  the  resulting  decay  from 
the  excrement  and  seed  extends  through  the  husk,  in  some  in- 
stances, to  the  flesh.  Some  growers  are  of  the  opinion  that  tlie 
work  of  the  weevil  hastens  the  maturity  of  the  infected  fruit  and 
increases  the  percent,  of  fallen  mangoes. 

ITS  NATURAL  ENEMIES 

No  parasitic  or  predaceous  enemies  of  the  mango  weevil  have 
been  observed.  The  writer  believes,  however,  that  many  of  the 
hibernated  weevils  are  destroyed  by  lizards  and  centipedes. 

ITS   CONTROL 

Natural  Control:  Since  the  miango  weevil  is  a  special  feeder 
on  the  seed  of  the  mango,  its  numbers  in  any  particular  season 
are  in  direct  proportion  to  the  size  of  the  mango  crop  for  that 
season.  That  is,  when  the  mangoes  are  abundant,  the  brood  of 
weevils  arising  from,  the  fruit  will  also  be  large  in  numbers.  Any 
natural  condition  of  climate  or  disease  that  affects  the  mango 
crop  will  likewise  reduce  the  numbers  of  the  mango  weevil. 

Direct  Measures:  The  fact  that  the  weevil  during  its  entire 
development  is  within  the  seed  renders  the  use  of  any  insecticide 
impossible  in  combating  the  pest.  Since  also  there  is  practically 
no  exterior  evidence  tha/t  the  fruit  is  infested,  little  can  be  done 
in  the  destruction  of  infested  fruit  during  the  growth  of  the 
crop. 

The  destruction  of  all  fallen  mangoes  and  refuse  seeds  will  be 
quite  effective  for  the  reason  that  the  adult  beetle  does  not  leave 
the  seed  until  some  time  after  the  maturity  of  the  fruit. 

The  burning  of  all  refuse  about  the  mango  trees  during  the 
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months  from  October  to  March  would  destroy  many  of  the  hiber- 
nated weevils. 

To  deprive  the  mango  weevil  oi  its  food  in  any  particular 
locality  for  two  seasons  would  mean  its  extermination  in  that 
locality,  and  could  re-invasion  be  prevented,  it  would  further 
mean  freedom  from  injury  to  future  crops.  An  act  worthy  of 
the  attempt  would  be  to  destroy  for  a  period  of  twK)  years  all  the 
fruit  in  the  infested  district  after  first  making  a  careful  survey 
of  the  distribution  of  the  w^eevil.  Neglected  trees  in  deserted 
places  and  along  the  wayside  could  be  cut  down.  All  the  com- 
mon varieties  could  be  cut  back  for  in-arching  or  grafting  with 
the  finer  varieties.  The  finer  varieties,  of  which  not  a  great  numr 
ber  are  under  bearing,  could  be  allowed  to  fruit  and  the  fruit  or 
refuse  seeds  destroyed.  Certain  trees  should  be  left  to  fruit 
throughout  the  infested  district  to  act  as  "bait"  for  the  weevils. 
These  trees  should  be  under  the  control  of  inspectors  and  the 
fruit  gathered  and  destroyed  after  the  weevils  of  the  previous 
season's  brood  had  completed  copulation  and  oviposition. 

The  limited  time  of  the  writer  has  been  devoted  almost  entirely 
to  the  life-cycle  and  habits  of  the  pest,  necessary  information  on 
which  to  base  methods  of  control,  and  concerning  which  practi- 
cally nothing  could  be  found.  Another  season's  observation  will 
be  necessary  to  advance  more  definite  advice  on  the  control  of 
this  insect  enemy  of  the  mango. 


Honolulu,  H.  T.,  August  14,  1906. 
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were  common  at  nearly  all  seasons  of  the  year.  The  places 
in  which  mosquitoes  were  found  to  breed  can  be  classed  under 
two  general  heads:  (i)  Such  collections  as  in  containers  for 
storing  water  (tubs,  barrels,  troughs,  water-tanks,  etc.)  ;  cess- 
pools ;  surface  sewers  and  the  catch-basins ;  discarded  tins, 
bottles,  and  cans  in  vacant  lots  and  on  rubbish  heaps;  neg- 
lected gutters  and  defective  plumbing;  and  vessels  holding 
water  in.  and  about  dwellings  and  out-houses  (flower  vases, 
drinking  cans  in  chicken  yards,  containers  under  table  legs 
and  flower  pots,  etc.)  ;  and  (2)  the  collections  of  water  as  taro- 
patches;  rice  fields;  reservoirs;  irrigation  ditches;  swamps; 
closed  pools;  ponds;  temporary  pools  formed  by  storm  water 
on  the  lower  levels ;  and  pools  in  the  beds  of  streams  during 
the  dry  seasons. 

The  breeding  places  included  in  the  first  class  are  responsi- 
ble for  the  larger  part  of  the  number  of  mosquitoes  in  any 
locality.  They  are  entirely  responsible  for  the  mosquitoes  in 
the  business  section  01  the  city  and  in  those  residential  por- 
tions that  are  at  any  distance  removed  from  the  collections  of 
v/ater  enumerated  in  the  second  class  of  breeding  places.  To 
obtain  relief  from  the  mosquitoes  that  breed  in  the  collec- 
tions of  water  of  the  first  class  it  is  demanded  that  systematic 
inspection  work  be  carried  on  continuously  throughout  the 
infested  district.  This  inspection  must  be  followed'by  active 
measures  of  prevention,  that  is,  preventing  the  development 
of  the  mosquito  larvae  or  wrigglers  in  any  body  of  water  dis- 
covered that  is  capable  of  acting  as  a  breeding  place.  The 
preventive  work  implies  screening,  draining,  oiling,  hauling 
away  tins,  bottles,  broken  crockery,  etc., "and  periodically 
emptynig  contamers  used  for  watering  stock,  or  holding  plants 
or  flowers  about  the  house.  Emphasis  is  given  this  phase  of 
mosquito  control  at  this  time  to  prevent  a  misconception  on 
the  part  of  the  people  of  this  Territory  in  regard  to  the  amount 
of^  relief  to  be  expected  from  the  establishment  of  the  top- 
minnows  in  local  waters. 

The  collections  of  water  comprising  the  second  class  can- 
not always  be  dealt  with  directly  without  a  great  expenditure 
of  money  m  drainage  work  or  seriously  interrupting  such  agri- 
cultural opei-ations  as  rice  and  taro  culture.  It  "is  obvious, 
then,  that  while  any  natural  check  or  enemy  of  mosquitoes 
is  desirable,  it  is  particularly  to  be  desired  in  the  case  of  mos- 
quitoes developing  m  these  bodies  of  water.     Previous  to  tTe 
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successful  introduction  aticl  establishment  ot  the  top-minnows 
in  Hawaii  no  effective  enemies  of  mosquitoes  occurred.^  The 
drag'on-flies  or  mosquito-liawks  and  the  gold-fish  were  their 
onl,v  important  enemies  but  neither  are  si:)ecial  mosquito 
feeders,  althongli  the  wiug-ed  dragon-fly  devours  many  adult 
mosquitoes  in  the  air  and  the  gold-fish  feeds  on  the  larvae  to 
a  certain  extent  in  the  water,  es|)ecia]ly  when  confined  in  a 
fountain,  Hly-iioud,  or  aquarium. 

The  (lucstion  of  introducing"  the  tO|)-minnows  into  Hawaii 
was  first  considered  in  the  early  part  of  itj03,  these  fish  having- 
been  reported  as  effective  enemies  of  mosquito  wrigglers  else- 
where.- Dr.  David  Starr  Jordan,  to  whom  the  problem  was 
referred,  replied  that  these  fish  had  never  been  transported 
such  a  distance  but,  while  the  whole  undertaking  would  be  an 
experiment,  the  fish  vccre  extremely  hardy  and  the  greatest 
consideration  would  be  the  cost  of  the  work.  Because  of  the 
cost  this  phase  of  mosiptito  control  did  not  receive  further 
notice  at  th.at  time. 


During  1904  a  Citizens'  Mosquito  Canqjaig-n  Committee  was 
organized  in  Ilonolnhi  and  this  body  was  instrumental  in  pro- 
viding the  means  for  the  introcUiction  of  the  fish.    The  writer 


'  'I1)e  species  jiitrocliicc<l  were  MoHicitcsia  lalipimta  Ftmdulus  gnmdix, 
iid  Gambusia  aMnis  of  the  familv  forcididac  collected  and  transported 
0  fhe  tslaiuls  Irr.m  Seabrook  near'  (J;dvcHloti.  Texas,  by  Air.  A'.viii  Seale. 
'ce  figures  number  i,  2,  and  3. 

"  I-.  O,  Howard,     Mosquitoes.  New  York,  1901. 


had  an  opportunity  to  discuss  the  subject  personally  with  Dr, 
Jordan  and  in  the  interview  Dr.  Jordan  offered  to  send  an 
expert  from  Stanford  University  to  collect  the  fish  and  bring 
them  to  Hawaii  on  condition  that  the  Territory  pay  simply 
the  expenses  of  the  undertaking.  This  offer  was  fully  appre- 
ciated by  '^.he  Territory.  Oil  a  recommendation  from  the 
Citizens'  Mosquito  Committee,  the  Governor  presented  an 
item  of  $1500  to  the  Legislature  of  1905  to  cover  the  expense^ 
of  the  experiment.  The  communications  on  the  subject  were 
as  follows : 

(Letter  from  the  Citizens'  Mosquito  Committee  to  the  Governor.) 

Honolulu,  Hawaii,  March  12,  1905. 
Hon.  George  R.  Carter, 

Governor  of  the  Territory  of  Haw^aii,  Honolulu. 
Sir:  Dr.  David  Starr  Jordan,  of  Stanford  University,  having  offered  to 
send  an  expert  of  that  institution  to  collect  for  these  islands  certain  fish 
of  the  Southern  States  and  Mexico,  at  present  entirely  unrepresented  here, 
that  feed  upon  the  larvae  of  mosquitoes,  providing  the  Territory  pay  the 
expenses  of  such  trip,  the  undersigned,  at  your  request,  beg  to.  say  that  for 
the  expense  of  such  a  trip  a  sum  of  not  less  than  $1,500  should  be  provided. 
We  suggest  that,  if  appropriated  for  the  above  purnose.  this  sum,  or  as 
much  thereof  as  is  necessary,  be  spent  under  the  direction  of  the  board 
of  health,  since  the  president  of  that  department  of  the  government  is  the 
chairman  of  the  Citizens'  Mosquito  Committee. 

Very  respectfully  yours, 

CHAS.  B.  COOPER,  M.  D., 

Chairman  Legislative  Committee. 
D.   L.  VAN  DTNE, 

Chairman  Advisory  Committee. 
Representing  the  Citizens'  Mosquito  Committee  of  Honolulu. 

At  the  opportune  time  the  above  communication  was  trans- 
mitted to  the  legislature  with  the  following  indorsement: 

(Letter  of  May  10,  1905,  from  Governor  Carter  to  the  legislature.) 
To  the  Legislature  of  the  Territory  of  Hawaii : 

Herewith,  I  transmit  for  your  consideration  copy  of  a  letter  of  March 
T2,  containing  a  proposal  made  by  Dr.  David  Starr  Jordan,  of  Stanford 
LTniversity,  to  provide  an  expert,  with  the  necessary  apparatus,  to  under- 
take the  importation  into  these  islands  of  a  certain  small  and  vigorous  fish 
found  in  Mexico  that  feeds  on  the  larv?e  of  the  mosquito,  provided  the 
Territory  simply  pays  the  expense  of  such  an  undertaking. 

You  are  aware  that  the  only  fish  we  have  at  present  exclusively  occupy- 
ing our  fresh  waters  is  a  species  of  mud  fish,  commonly  known  as  the  oopu, 
and  the  gold  fish.  You  are  also  av/are  that  there  is  known  to  exist  here 
the  species  of  mosquito  which  carries  the  germs  of  yellow  fever,  which, 
fortunately  for  us,  has  not  as  yet  been  inoculated,  but  with  the  completion 
of  the  Panama  Canal  it  will  only  be  a  question  of  time  before  cases  of 


this  or  5orae  other  disease  will  reach  this  port.  Every  interest  in  the 
Territory  would  be  advanced  if  this  mosquito  could  in  some  way  be 
entirely  eradicated,  or  at  least  reduced  to  the  smallest  possible  number. 

G.  R.  CARTER, 

Governor. 

The  subject  was  referred  to  the  health  committee  of  the 
House.  The  committee  reported  favorably  and  the  item 
($1500.)  was  included  in  the  general  expense  bill  of  the  Ter- 
ritorial Board  of  Health  for  disbursement.  This  money  was 
'not  available  until  July  1st,  but  as  soon  as  possible  thereafter 
an  advance  was  sent  to  Mr.  Alvin  vSeale  at  Stanford  University, 
the  man  selected  by  Dr.  Jordan  to  carry  on  the  experiment. 

The  following  report  by  Mr.  Scale  covers  the  work  of  col- 
lecting the  fish  and  their  transportation  to  Hawaii : 

REPORT  OF  MR.  SEALE. 

Honolulu,  Hawaii,  September  23,  1905. 
Mr.  D.  L.  Van  Dine, 

Entomologist,  U.  S.  Experiment  Station, 
Honolulu,  H.  T. 

Dear  Sir: — In  accordance  with  the  following  letter  to  your- 
self from  Dr.  David  Starr  Jordan,  I  was  chosen  to  attempt 
the  introduction  of  "top-minnows''  or  ''killifish"  into  the  Ha- 
waiian Islands  for  the  purpose  of  destroying  the  larvae  of  mos- 
quitoes : 

LELAND  STANFORD  JUNIOR  UNIVERSITY. 

Office  of  the  President. 

Stanford  University,  Cal.,  April  18,  1905. 
Mr.  D.  L.  Van  Dine, 

United  States  Experiment  Station, 
Honolulu,  Hawaii. 

Dear  Sir: — The  best  place  to  collect  the  fishes  which  you  want  would 
tioubtless  be  in  Louisiana.  It  would  probably  take  no  longer  time  to  bring 
them  from  there  than  from  any  other  places  nearer.  Perhaps  an  equally 
good  place  would  be  Tampico,  on  the  edge  of  Mexico.  You  understand 
that  this  would  necessarily  be  an  experiment.  These  little  fishes  feed 
freely  on  mosquitoes.  Some  live  in  brackish  water,  some  in  fresh  water, 
and  all  of  them  are  very  hardy.  But  no  one  has  ever  tried  to  transplant 
any  of  them,  and  the  whole  thing  might  turn  out,  for  some  reason  or 
<3ther,  to  be  a  failure.  Especially  one  would  need  to  experiment  on  feed- 
ing the  little  fishes  during  their  transportation.  The  genera  which  I 
would  recommend  are  MolHenesia,  Adinia,  Gambusia,  and  Fundulus.  Some 
of  these  are  viviparous,  others  lay  eggs.  Whoever  undertakes  this  should 
^ive  a  good  deal  of  attention  to  the  question  of  feeding  the  little  fishes, 


and  for  this  purpose  perhaps  a  tank  breeding  mosquitoes  would  be  as  good 
as  anything.  The  best  time  to  undertake  it  would  be  about  the  1st  of  June. 
I  will  select  some  one  as  soon  as  I  hear  from  you. 

Very  truly  yours, 

DAVID   S.  JORDAN. 

On  receipt  of  yours  of  July  ii,  1905,  with  the  advance  of 
$500  of  the  Territorial  appropriation  covering  the  expenses  of 
this  undertaking,  I  started  from  Stanford  University  to  the 
Southern  United  States.  It  was  my  intention  to  secure  the- 
top-minnows  at  or  near  New  Orleans,  but  the  rigid  quaran- 
tine in  operation  in  Louisiana  prevented  my  carrying  out  this 
plan.  Seabrook,  near  Galveston,  Texas,  was  then  selected  as 
the  next  place  most  available.  At  Seabrook  I  found  the  family 
of  top-minnows,  Poeciliidae,  in  large  numbers.  They  were 
swarming  in  all  the  stagnant  waters  at  sea-level  as  well  as 
in  various  ditches,  ponds,  and  standing  pools.  Mosquitoes 
are  very  plentiful  in  and  about  Seabrook,  but  after  a  study  of 
the  situation  I  am  convinced  that  their  source  is  not  the  bodies 
of  water  containing  these  fish  but  rather  temporary  and  arti- 
ficial breeding  places,  such  as  closed  pools,  tubs,  tin  cans,  and 
other  refuse  which  are  not  accessible  to  these  fish. 

As  per  his  letter  to  you,  Dr.  Jordan  recommended  the  fol- 
lowing genera:  Mollienesia,  Adinia,  Gamhiisia  and  Fundulus, 
These  are  all  members  of  the  single  family  Poeciliidae  or  top- 
minnows.  I  first  made  a  careful  examination  of  a  number  of 
the  stomachs  freshly  taken  from  members  of  the  above  genera. 
The  stomach-contents  was  found  to  consist  largely  of  larvae 
of  various  insects,  including  those  of  mosquitoes;  egg-masses 
of  mosquitoes;  minute  crustaceae  and  some  vegetation.  The 
results  showed  that  Gambusia  were  the  best  insect  feeders. 
Of  100  stomachs  of  this  genus  examined  all  contained  many 
insect  larvae  and  eggs  among  which  I  noticed  especially  num- 
erous egg-masses  of  the  mos(|uito.  However,  Mollienesia, 
Fundulus  and  Gambusia  differed  slightly  in  regard  to  their 
capacity  for  the  various  insect  larvae  and  the  difference  was 
probably  due  to  the  different  food  localities.  The  temperature 
of  the  water  in  and  about  Seabrook  in  which  these  fish  were 
found  ranged  from  74°  to  87°. 

It  now  remained  to  determine  under  what  conditions  the 
fishes  could  be  most  successfully  transported  to  Hawaii.  Six 
ordinary  ten-gallon  milk  cans  were  prepared  by  puncturing 
the  covers  with  numerous  holes  and  placing  the  cans  in  bran 
sacks,  the  intervening  space  being  tightly  packed  with  Span- 
ish moss.    This  served  to  keep  the  water  at  an  even  tempera- 


ture.  Two  hundred  fish  were  placed  in  each  can.  The  idt- 
lowing  morning  so  many  were  dead  that  it  was  evident  the 
cans  were  overcrowded  and  I  reduced  the  numbers  to  one 
hundred. 

Experiments  were  conducted  as  follows: 

Can  No.  i.  Allowed  to  stand  undisturbed.  Water  un- 
changed and  unaerated.  Temperature  normal.  The  first 
morning  six  fish  were  dead.  The  second  day,  two  died.  The 
third  day  the  fish  were  perfectly  lively  and  were  taking  food 
freely.  The  fifth  day  five  died  and  by  the  eighth  tw^enty  had 
died.     The  experiment  was  not  carried  further. 

Can  No.  2.  Water  changed  once  each  day.  Temperature 
normal  (ranged  from  74^  to  7S^).  During  the  first  three  days 
there  were  four  deaths.  The  eighth  day  two  died.  After  this 
time  there  were  no  more  deaths.  Fish  fed  freely  on  mosquito 
larvae,  and  prepared  fish  food. 

Can  No.  3.  Water  changed  twice  each  day.  Temperature 
normal.  Three  deaths  the  first  night.  After  this  time  then^ 
were  no  more  deaths.  Fish  fed  freely  on  mosquito  larvae  and 
prepared  fish  food. 

Can  No.  4.  Water  changed  every  two  days-  Temperature 
normal.  Five  deaths  the  first  three  days,  after  which  no  fish 
died.     Fish  fed  freely,  keeping  constantly  at  top  of  the  water. 

Can  No.  5.  Water  slowly  and  very  gradually  reduced  in 
temperature  to  40°.  Fish  would  not  feed  at  the  end  of  six 
days.  During  this  time  eighteen  had  died.  Experiment  dis- 
continued. 

Can  No.  6.  Water  reduced  slowly  to  freezing  point,  then 
can  packed  in  ice.  At  the  end  of  six  days  all  but  three  of  the 
fish  were  dead.     Experiment  discontinued. 

The  above  experiments  deiiionstrated  that  the  fish  shoulj 
be  transported  in  water  at  the  normal  temperature  and  gave 
the  necessary  information  in  regard  to  the  frequency  of  chang- 
ing the  water. 

The  three  most  abundant  species,  Gamhusia  affinis,  Fundulus 
grandis  and  MoUienesia  latipinva!  were  collected  and  approxi- 
mately seventy-five  placed  in  each  can.  On  Sept.  4,  1905,  I  left 
Seabrook,  Texas,  on  the  long  journey  to  Honolulu.  A  20-ga]- 
Ion  tin  tank  was  taken  along  as  a  supply  reservoir. 

The  following  routine  work  was  observed  during  the  entire 
trip :  At  8  a.  m.  the  fishes  were  fed  sparingly  on  prepared  fish 
food,  finely  ground  liver  or  hard  boiled  eggs;  at  9:30  half  the 
water  in  each  can  was  siphoned  off  from  the  bottom,  thus 
cleaning   out   the  cans   and   removing   all   uneaten   food   and 
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excrement,  and  an  equal  amount  of  fresh  water  added;  at  noon 
the  cans  were  all  aerated  by  means  of  a  large  bicycle-pump, 
a  sponge  being  tied  over  the  end  of  the  hose  to  separate  the 
air  into  fine  particles ;  at  4  p.  m.  two  gallons  of  water  were 
siphoned  oflf  from  the  bottom  and  two  gallons  of  fresh  water 
were  put  in;  just  before  retiring  the  cans  were  again  aerated 
by  means  of  the  air-pump. 

At  each  place  en  route  where  the  water  was  changed  it  was 
first  tested  by  placing  two  fish  in  a  bucket  containing  the 
new  water  at  the  proper  temperature.  At  El  Paso,  Texas, 
only,  did  the  water  kill  the  fish  thus  treated.  After  ten 
minutes  the  two  fish  were  dead,  probably  due  to  the  alkali 
it  contained.  The  water  at  Los  Angeles  was  good  as  also  the 
San  Francisco  water,  which  was  used  from  the  latter  place 
to  Honolulu,  an  abundant  supply  being  carried  on  the  steamer. 
The  water  used  from  El  Paso  to  Los  Angeles  was  taken  from 
the  supply  tank,  filled  at  San  Antonio,  Texas. 

Twelve  fish  died  between  Galveston  and  San  Francisco  and 
only  fifteen  between  San  Francisco  and  Honolulu.  The  fish 
were  landed  in  Honolulu  from  the  S.  S.  ''Alameda"  on  Sep- 
tember 15,  T905,  the  trip  from  Texas  occupying  12  days  and 
27  of  the  approximate  450  fish  were  lost. 

The  fish  were  in  fine  condition  on  arrival  and  as  prear- 
ranged by  yourself  were  placed  in  the  breeding  ponds  pre- 
pared for  them.  The  temperature  of  the  water  about  Hono- 
lulu is  almost  identical  with  that  where  the  fish  were  col- 
lected, and  the  appearance  of  the  fish  at  this  writing  indicates 
that  they  should  thrive  on  the  Islands.  The  fish  should  be  con- 
fined in  the  present  breeding  ponds,  where  they  can  be  pre- 
vented from  going  out  to  sea  or  falling  prey  to  other  fish  until 
their  increased  numbers  permit  general  distribution  to  other 
localities  in  the  group. 

Very  trulv  yours, 

ALVIN  SEALE, 
Assistant,  U.  S.  Fish  Commission. 

Upon  the  arrival  of  the  steamer  the  fish  were  taken  at  once 
to  Moanalua  near  Honolulu  where,  throueh  the  courtesy  of 
Hon.  S.  M.  Damon,  a  series  of  four  ponds  had  been  prepared 
for  their  reception  and  breeding.  An  irrigation  ditch  led  clear 
water  to  the  ponds  through  a  gate-way  guarded  by  wire  cloth 
of  a  fine  mesh.  The  outlet  was  guarded  in  a  similar  manner. 
The  water  was  allowed  to  circulate  through  three  of  the  ponds 
but  no  outlet  was  provided  for  the  fourth  in  order  that  the 
water  might  remain  standing.     Two  of  the  ponds  were  about 


two  feet  in  depth  with  one  free  from  vegetation  and  two  were 
from  two  to  six  inches  in  depth,  with  one  also  free  from  vege- 
tation. These  varying  conditions  represented  somewhat  th.e 
shallow  waters  of  the  Islands  as  regards  depth,  temperature, 
presence  or  absence  of  vegetation  and  standing  or  running 
water.  About  equal  numbers  of  the  fish  were  placed  in  each 
of  the  four  ponds. 


3. — Top-Minnow,  Gambusia  aMnis.      Male  above,  female  below.      En- 
larged.     (U.  S.  Fish  Commission.) 

The  fish  thrived  in  all  of  the  ponds  almost  equally  well,  the 
main  advantages  of  their  confinement  being  the  prevention  of 
their  being  carried  out  to  sea  by  a  freshet  and  the  protection 
from  other  predaceous  fish.*"^     It  was  determined,  however,  by 

^  Dr.  Jordan  informed  the  writer  that  the  Hawaiian  fish  likely  to  prey 
upon  the  top-minnows  were  Sphyracna  snodgnassi  (Kaku)  in  the  mullet 
ponds,  Elops  (Awa-Aua),   and  Kulilia   (Aholehole). 
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observation  at  the  ponds  and  in  other  locations  where  the  top- 
minnows  were  liberated  later  that  they  thrived  best  in  shallow, 
standing  water  at  a  temperature  ranging  from  76°  to  82°  F. 
The  fish  show  no  inclination  to  go  out  to  sea  and  avoid  the 
deep  water,  lessening  the  probability  of  their  being  eaten  by 
the  larger  predaceous  fish. 

They  have  multiplied  rapidh^  and  from  the  few  hundred 
introduced,  several  hundred  thousand  have  been  bred  and  dis- 
tributed. Where  they  occur  they  effectively  clear  the  water 
of  the  mosquito  larvae,  feeding  likewise  on  the  egg-masses  of 
Ciilex  pipiens  on  the  surface.  In  the  absence  of  mosquito  larvae 
or  eggs  the  top-minnows  feed  upon  the  smaller  aquatic  insects 
of  other  species,  as  the  nymphs  of  the  water  boatman,  Corixa 
blackbtirni,  eating  also  various  small  insects  that  fall  into  the 
water  and'  are  drowned.  In  an  aquarium  the  larger  fish  have 
been  observed  making  way  with  the  very  small  of  their  own 
kind  in  the  absence  of  other  food. 

Under  the  direction  of  the  writer,  the  Territorial  Board  of 
Health  has  made  the  following  distribution  of  the  top-min- 
nows from  the  funds  appropriated  for  their  introduction  and 
distribution  by  the  Legislature : 

Island  of  Oahu :  Honolulu  and  vicinity  generally,  Aiea, 
Pearl  City,  Waialua,  Maunawai,  Wahiawa  and  Waimanalo. 

Island  of  Hawaii :     Hilo  and  vicinity,  and  Paauhau. 

Island  of  Maui:    Kahului,  Wailuku  and  Lahaina- 

Island  of  jXlolokai:    Kalaupapa. 

Island  of  Kauai :    Lihue,  Eleeie,  and  Waimea. 


fc^^'^ 
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Hawaii  Agricultural  Experiment  Station, 


E.  V.  WILCOX,  Special  Agent  in  Charge. 
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Fruit    Marketing    Investigations 
in   1907. 


By  J.  E.  HiGGiNS, 

Horticulturist,  Hawaii  Experiment  Station,   United    States   De- 
partment of  Agriculture. 


INTRODUCTION. 

Fruit  production  is  destined  to  become  one  of  Hawaii's  most 
important  industries.  Already  pineapple  growing  has  assumed 
very  considerable  proportions,  and  there  are  today  between  two 
thousand  and  three  thousand  acres  under  successful  pineapple 
cultivation,  where  a  few  years  ago  the  land  was  thought  unfit 
.for  any  purpose  other  than  grazing.  The  pineapple  area  is 
rapidly  increasing  and  conservative  men  believe  that  the  industry 
is  as  yet  in  its  infancy. 

Other  fruits,  it  is  believed,  will  repeat  the  history  of  the  pine- 
apple in  Hawaii.  Together  with  the  soil  and  moisture  require- 
nasents,  the  absolute  freedom  from  frost  renders  this  group  of 
islands  peculiarly  adapted  to  the  growth  of  tropical  and  sub- 


tropical  fruits.  Some  of  these  fruits  such  as  the  avocado,  the 
mango  and  the  papaia  in  their  present  state  of  semi-cultivation  or 
absolute  neglect  give  great  promise  of  results  under  the  new 
horticulture  which  is  beginning  in  Hawaii. 

To  ascertain  the  l)est  methods  of  marketing,  including  every 
step  in  the  process  from  the  gathering  of  the  fruit  in  the  field, 
to  its  sale  in  the  market,  is  quite  as  important  in  any  fruit  in- 
dustry as  the  knowledge  of  production.  To  determine  some 
of  the  important  factors  in  marketing  Hawaiian  fruits,  the  Ha- 
waii Experiment  Station  has  undertaken  a  series  of  experiments 
which  have  now  covered  about  four  years.  The  report  of  this 
work  to  the  close  of  the  season  of  1906  has  been  published  in 
Bulletin  No.  14.  This  paper  presents  the  results  of  experi- 
ments and  observations  in  1907  so  far  as  they  are  of  immediate 
practical  application. 

On  July  24  there  was  shipped  from  Honolulu  to  San  Fran- 
cisco a  consignment  of  about  12  tons  of  pineapples,  1300  avo- 
cados and  200  papaias.  These  were  under  the  direction  of  the 
horticulturist  of  the  Station,  who  personally  accompanied  the 
shipment.  A  part  of  the  pineapples  were  trans-shipped  by  water 
to  Los  Angeles.  There  and  in  San  Francisco  careful  examina- 
tion was  made  of  the  fruits  in  each  crate,  although  in  Los  Ange- 
les it  was  not  possible  to  personally  supervise  the  work. 

Cable  advices  regarding  the  results  of  different  methods  of 
handling  and  packing  were  forwarded  to  the  experiment  station, 
and  preparations  were  made  for  a  shipment  to  Chicago  of  a  car 
load  of  pineapples  and  avocados.  The  date  of  sailing  was  August 
14  and  that  of  arrival  in  San  Francisco,  August  21.  This  fruit 
was  examined  and  such  of  the  pineapples  as  appeared  to  be  in 
condition  for  trans-shipment,  were  sorted,  repacked,  placed  in 
a  refrigerated  car  and  forwarded  to  Chicago,  by  way  of  Ogdeir 
leaving  August  22,  and  arriving  in  Chicago,  August  31.  All 
the  avocados  were  placed  in  the  car  without  repacking.  The  car 
was  pre-iced  on  the  afternoon  of  August  21.  September  1,  be- 
ing Sunday,  and  September  2  falling  on  Lal)or  Day,  it  was 
not  possible  to  remove  the  fruit  from  the  car  until  September 
3.     On  the  third  day  a  careful  examination   was  made  of  the 


avocados  and  pineapples.  The  avocados  were  in  good  condi- 
tion for  immediate  consumption,  but  were  not  so  firm  as  they 
should  be  for  the  market.  Had  they  been  perfectly  hard  when 
taken  from  the  steamer,  it  is  believed  they  would  have  arrived 
in  the  same  condition  in  Chicago. 

The  pineapples  opened  up  in  most  excellent  condition.  The 
loss  was  less  than  one  per  cent.  It  was  reported  that  some  of 
the  fruits  showed  more  or  less  discoloration  in  ripening.  This, 
however,  has  been  noticed  repeatedly  on  fruits  shipped  with 
refrigeration  and  without  to  San  Francisco  and  other  points. 
The  outcome  of  this  trial  shipment  by  rail  strongly  suggests  that 
it  will  be  no  more  difficult  to  place  Hawaiian  pineapples  in  the 
interior  markets  than  in  the  markets  of  the  Pacific  Coast. 

GENERAL. 

For  convenience  and  to  avoid  needless  repetition,  subjects  re- 
lating to  transportation,  markets  and  organization  for  market- 
ing purposes,  may  be  discus-sed  in  general. 

TRANSPORTATION. 

By  Land.  Until  the  present  time  tliere  has  been  practically 
no  freight  transportation  of  Hawaiian  fruits  by  rail.  A  few 
express  shipments  have  been  sent  to  inland  cities,  and  by  water 
freight  Hawaiian  pineapples  have  reached  the  chief  markets  on 
the  Pacific  Coast.  One  of  the  obstacles  in  the  way  of  shipments 
by  rail  has  been  the  high  freight  tariff.  The  railroads  subject 
to  the  Inter-State  Commerce  Commission  have  made  a  tariff 
schedule  on  "deciduous  fruits,"  and  other  tariffs  on  citrus  fruits. 
Though  the  term  "deciduous  fruits"  is  of  rather  loose  applica- 
tion, Hawaiian  pineapples  and  many  other  tropical  fruits  could 
not  well  be  classified  here.  In  preparation,  therefore,  for  the 
experimental  shipment  by  rail  to  Chicago,  this  subject  of  freight 
rates  on  tropical  fruits  was  taken  up  with  the  railroads.  Per- 
mission was  received  by  them  from  the  Inter-State  Commerce 
Commission   to  announce  a  regular  tariff  on  "tropical   fruits," 


identical  with  that  for  ''deciduous  fruits."     The  tariff  sheet  now 
reads,  ''Rates  on  Deciduous  and  Tropical  Fruits." 

These  rates  are  as  follows : 


TO 

Colorado  Common  Points 

Missouri  River  Common  and  intermediate  points  and 
points  west  thereof  to  which  Missouri  River  Common 
and  intermediate  rates  are  authorized  to  apply 

Mississippi  River  Common  Points 

Chicago  and  Common  Points 

Cincinnati,  Detroit  and  Common  Points 

Pittsburg,  Buffalo  and  Common  Points,  including  points 
in  Canada  taking  Toronto  rates,  as  shown  on  pages  10 
to  21  of  the  tariff 

New  York,  Philadelphia,  Baltimore,  and  Common  Points, 
including  points  in  Canada  taking  Montreal  rates  as 
shown  on  pages  10  to  21  of  the  tariff 

Boston  and  Common  Points,  including  points  in  Canada 
taking  Sherbrooke  rates,  as  shown  on  pages  10  to  21  of 
the  tariff 


In  Carloads  of 

not  less  than 

24,000  lbs. 

Per  100  Lbs. 


$   1.15 

1.15 

1.15 
1.15 
1  40 

]  40 
1.45 
1.45 


This  practically  opens  the  way  for  carload  trans-continental 
shipments.  Hawaii  can  now  take  advantage  of  all  the  facilities 
for  shipment  offered  to  the  fruit  growers  of  California.  These 
facilities,  which  have  been  gained  by  the  California  shippers, 
through  long  and  strenuous  experiences,  are  practically  the  free 
gift  to  the  shippers  from  Hawaii.  During  the  whole  of  the 
fruit  season  special  fruit  trains  leave  daily  for  Eastern  points. 
These  are  hastened  through  to  destinations  as  rapidly  as  possi- 
ble, the  time  required  from  San  Francisco  to  Chicago  being  sche- 
duled at  eight  days.  Cars  are  kept  iced  throughout  their  jour- 
ney and  the  shipper  is  permitted  to  give  his  own  instructions  re- 
garding the  opening  or  closing  of  the  ventilators.  The  rail- 
roads issue  a  sheet  for  the  convenience  of  the  shipper  which  is 
as  follows: 


REQUEST  TO  VENTILATE   PERISHABLE   FREIGHT. 


.190. 

To   Agent, 


We  have  this  day  delivered  to  you  for  transportation   the  follow- 
ing perishable   freight    

Car  niimber    

Initial 

Destination    

Consignee    

Keep  ventilators  open  to  destination 

Keep   ventilators   open   to 

Keep  ventilators  closed,  to  destination 

Close   ventilators   at 

Open  side  doors  for  ventilation  at 


It  is  understood  as  between  shipper  and  carrier  that  the  carrier 
undertakes  to  comply  with  above  request  only  as  accommodation  to 
and  in  the  interest  of  shipper,  and  in  so  doing  does  not  assume  any 
risk  for  loss  or  damage  to  said  property. 

Shipper. 


Note: — In  absence  of  specific  instructions  by  shipper  as  to  open- 
ing and  closing  ventilators,  the  carriers  will  exercise  their  judgment, 
at  owners  risk,  and  for  information  of  railway  employes  only,  way- 
bills will   be  stamped: 

''Put  in  ice  plugs  and  close  hatches  when  temperature  falls  below 
freezing.  Open  hatches  and  take  out  ice  plugs  immediately  when 
temperature  is  above  freezing." 


INIanner  of  Packing  the  Car.  It  is  important  that  a  car 
should  be  properly  packed  in  order  to  permit  of  the  free  circu- 
lation of  air  among-  the  crates  and,  at  the  same  time,  to  prevent 
shifting.  In  so  long  a  hanl  with  many  stops  and  sudden  jerks 
in  switching,  if  the  crates  are  not  held  firmly  in  position  they 
would  ra])idlv  1)C  broken  and  tlie  fruit  injured.  Different  methods 
of  ])acking  a  car  are  in  vogue  with  different  kinds  of  fruits  and 
(Hff'erent  types  of  crates.  Orange  boxes  for  example,  are  usually 
stood  on  end  and  the  dimensions  are  such  that  a  given  number 
will  exactly  occupy  the  floor  space  of  the  car.  With  other  fruits 
such  as  grapes,  the  crates  for  which  are  flat,  there  is  usually 
an  open  space  in  the  center  of  the  car  where  the  crates  must  be 
braced  to  hold  them  in  position.  Circulation  of  air  among  the 
crates  is  provided  for  by  placing  small  strips  on  the  floor  of  the 
car  and  beneath  each  tier.  There  is  also  a  large  open  space 
running  lengthwise  of  the  car,  between  each  two  rows  of  crates. 
Were  it  not  for  this  arrangement  it  would  be  practically  impossi- 
ble to  get  the  fruit  in  the  center  of  the  car  refrigerated.  What 
method  of  packing  pineapple  crates  in  a  car  will  prove  best  is  a 
matter  which  nutst  yet  be  worked  out,  and  will  probably  depend 
in  part  upon  what  ty])e  of  crate  is  -adopted.  From  the  limited 
experience  afforded  by  a  single  car,  it  would  seem  that  the  large 
sized  crate  in  most  common  use  in  Hawaii  should  be  placed  on 
edge.  A  car  would  probably  hold  about  i6o  crates,  which  would 
represent  about  24,000  lbs.  or  the  minimum  carload.  This  would 
be  without  overloading  the  car  by  placing  the  fruit  too  high.  It 
is  always  customary  to  leave  a  large  open  space  at  the  top,  on 
an  average  perhaps  about  li  of  the  height  of  the  car.  The  warm 
air  rises  to  the  highest  point,  and  therefore  fruit  that  occupies 
a  position  near  the  top  of  the  car  would  receive  very  poor 
refrigeration.  This  arrangement  of  the  crates  allows  for  four 
rows  on  the  floor  with  an  air  space  next  to  the  walls  of  the  car 
and  between  the  rows. 

Cost  of  Transportation.  The  expense  involved  in  moving 
a  carload  of  pineapples  from  the  wharf  in  San  Francisco  to  Chi- 
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cago,  including  the  cost  of  repacking,  would  be  approximately  as 
follows : 

Freight $  276.00 

Loading    1 .  50 

Repacking  at   20   cents   per  crate     32.00 

Cartage,  wharf  to  car   16 .  00 

Icing    charges    85 .  00 

Total $  410.50 

Taking  the  weight  of  a  large  crate  of  pineapples  packed,  as 
150  pounds,  which  is  believed  to  be  about  an  average,  approxi- 
mately yS  per  cent  of  the  total  weight  would  be  fruit,  and  22  per 
cent  tare.  In  a  12  ton  car  there  would  be  about  9.36  tons  of  fruit. 
The  cost  of  moving  a  ton  of  fruit  from  the  San  Francisco  wharf 
to  Chicago  would  be,  according  to  these  figures,  about  $44.00. 
iMgured  per  crate,  the  cost  would  be  about  $2.55. 

Transportation  by  Sea.  Refrtgerv\tion.  There  are  two 
distinct  methods  of  transportation,  by  ocean  freight,  the  one  in- 
volving refrigeration,  the  other  ventilation.  Such  fruits  as  avo- 
cados, mangoes,  and  papaia  demand  refrigeration,  while  the 
pineapple  may  be  shipped  without  it,  and  its  use  is  not  at  all 
adapted  to  the  banana.  Although  the  volume  of  freight  demand- 
ing refrigeration  at  the  present  time  is  very  small,  there  can  be 
no  question  that  it  will  increase  and  that  the  shipment  of  refri- 
gerated fruit  will  become  an  important  industry.  In  the  inter- 
ests of  those  who  are  already  shipping  this  class  of  perishable 
goods,  and  also  in  the  interests  of  future  development,  it  is 
opportune  to  give  attention  to  the  requirement  of  refrigeration 
in  ocean  transit. 

The  exact  temperatures  which  are  best  adapted  to  the  pre- 
servation of  each  species  of  tropical  fruit  has  not  yet  been  deter- 
mined. This  in  itself  is  a  line  of  work  which  would  involve 
extended  experiments  and  which  cannot  be  carried  out  without 
larger  expense  than  the  Station  has  been  able  to  afford.  It  has 
been  found,  however,  that  avocados  and  papaias  are  not  injured 
by  a  temperature  of  about  40  degrees  F.,  continued  for  several 
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weeks.  On  the  other  hand,  it  has  been  found  that  holding  the 
temperature  of  the  refrigerated  compartment  at  50  degrees  F., 
has  resulted  in  the  ripening  of  the  fruit.  Tentatively,  there- 
fore, it  is  recommended  that  steamships  carrying  avocados  and 
papaias  should  hold  the  temperature  between  40  and  45  degrees. 
Steving  the  Fruit  to  Permit  Refrigeration.  It  is  im- 
portant in  stowing  the  crates  to  place  them  so  that  there  can  be 
a  free  circulation  of  air  between  and  also  beneath  them.  Some 
adaptation  of  the  methods  adopted  in  packing  cars,  as  described 
above,  should  be  followed  by  the  steamship  companies  in  their 
refrigerated  compartments.  It  is  almost  impossible  to  refriger- 
ate a  solid  and  compact  mass ;  and  it  is  only  by  causing  the  cold 
air  to  pass  to  every  part  of  the  compartment  that  the  fruit  can 
be  brought  down  to  a  low  temperature.  The  temperature  indi- 
cated by  the  thermometer  within  the  compartment  may  be  no 
index  to  the  temperature  of  the  fruit  in  the  crates.  It  has  been 
found  in  trans-continental  shipments  made  for  experimental  pur- 
poses by  the  Division  of  Pomology  of  the  U.  S.  Department  of 
Agriculture,  that  even  with  the  best  arrangement  of  packages 
within  the  car,  and  with  ample  supplies  of  ice  the  temperature 
of  the  fruit  in  the  center  of  an  orange  box  remains  for  several 
days  far  above  that  of  the  atmospheric  temperature  within  the 
car.  After  a  compartment  on  steamship  is  filled  with  fruit  it 
will  require  considerable  time  to  get  the  temperature  of  the  room 
to  40  degrees,  and  it  must  then  be  distinctly  borne  in  mind  that 
the  fruit  will  be  much  later  in  assuming  this  temperature,  even 
with  the  best  methods  of  steving.  With  no  care  being  taken 
to  permit  free  circulation,  the  fruit  farthest  from  the  pipes  and 
in  the  center  of  the  crates  may  spoil  before  its  heat  has  been 
removed.  For  these  reasons  it  is  eminently  important  that  the 
engines  should  be  working  and  the  room  brought  to  a  low  tem- 
perature before  being  opened  to  receive  the  cargo,  and  that  it 
should  remain  open  the  shortest  possible  time.  When  the  cargo 
is  in  place  the  doors  should  be  opened  as  little  as  possible,  should 
never  be  allowed  to  remain  open,  and  every  effort  should  be  made 
to  hold  the  temperature  at  a  uniform  degree. 


Every  steamship  attempting  to  carry  refrigerated  tropical 
fruits  should  observe  these  general  principles.  Furthermore, 
every  steamship  v^hicli  is  expected  to  develope  the  fresh  fruit 
industries  of  Hawaii  should  be  equipped  with  at  least  a  small 
compartment  which  can  be  used  for  the  carrying  of  such  fruits 
as  require  low  temperatures  for  their  preservation.  Only  in  this 
way  can  these  smaller  industries  be  developed,  for  no  one  will 
plant  and  cultivate  fruits  with  no  means  of  getting  them  to  mar- 
ket. 

Shipping  Under  Ventilation.     The  greatest  present  need 
in  Hawaiian  fruit  transportation  is  ventilation.     Tlie  results  rec- 
orded in  Bulletin  No.  14  of  this  Station  have  been  confirmed  by 
the  experiences  of  the  past  summer.     The  requirements  as  set 
forth   therein    for   the    shipment   of    fruit   without    refrigeration 
were    as    follows :      First,    ventilation ;    second,    dryness ;    third, 
reasonal^ly  low  temperatures ;  fourth,  careful  handling  and  stev- 
ing.     Few  if  an)-  steamships  at  present  in  the  trade  can  assure 
the  shipper  that  his  fruit  will  receive  these  requirements  of  safe 
shipping.     Pineapples  and  bananas  have  been  carried  on  deck  on 
some  of  the  steamers,  covered  with  an  awning  and  with  tarpaulin 
on  the  -sides.     Strips  of  board  placed  beneath  the  crates,  permit 
of   ventilation   beneath.     By  this   means,   in    favorable   weatlier, 
both  bananas  and  pineapples  arrive  at  their  destination  in  good 
condition.     In  heavy  storms  it  is  not  easy  to  keep  the  fruit  dry. 
In  cold  weather  fruit  cannot  be  shipped  in  safety  on  deck.     The 
ventilation   supplied  to  the  compartments  below   deck  is   insuf- 
ficient unless   some  method   of  mechanically   forced   draught   is 
adopted.     The  windsail  when  it  can  be  used  serves  a  valuable 
purpose,  but  its  use  is  subject  to  the  uncertainties  of  weather. 
There  is  no  one  factor  that  the  development  of  the  fresh  pine- 
apple shipping  industry  depends  upon  so  much  as  this  matter  of 
properly  equipped  steamships  for  the  trade.     The  fruit  is  already 
growing,  is  being  put  in  the  cans  at  a  much  lower  value  than 
could  be  reaUzed  on  fresh  fruit  shipments,  the  markets  are  ask- 
ing for  the  fruit  and  the  railroads  offer  means  of  transportation 
after  it  has  once  reached  the  mainland.     Provided  with  suitable 
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ships,  the  export  trade  in  fresh  pineapples  would  well  repay  the 
cost  incurred  in  equipment. 

From  the  standpoint  of  the  fresh  fruit  shipper  it  is  far  more 
important  that  ships  should  be  regular  and  frequent,  than  that 
they  should  be  large.  If  local  capital  is  to  own  or  control  ships 
which  will  carry  this  class  of  fruit,  it  must  be  remembered  that 
one  large  ship  though  it  may  or  may  not  be  better  from  the 
standpoint  of  passenger  traffic,  will  certainly  not  meet  the  needs 
of  fresh  fruit  shipping.  Fruit  that  is  too  immature  for  shipping 
today  may  be  too  ripe  two  weeks  hence.  The  boats  should  run  as 
frequently  as  once  in  ten  days  at  least,  and  with  regularity.  If 
the  shipper  cannot  know,  within  a  few  hours,  the  time  of  sail- 
ing, he  may  either  have  his  fruit  stand  in  the  heat  awaiting  the 
departure  of  the  ship,  or  it  may  be  too  late  to  be  taken  on  board. 

Careful  Handling  of  the  fruit  whenever  it  is  moved  is  of 
great  importance.  The  steamship  handles  the  fruit  in  loading 
and  unloading.  The  method  adopted  in  unloading,  whereby  the 
crates  are  allowed  to  slide  down  a  chute,  is  capable  of  doing 
much  damage.  This  is  a  convenient  and  easy  method  of  unload- 
ing, but  with  the  average  man  at  the  foot  of  the  chute,  every 
crate  stops  with  a  sudden  jerk  bruising  many  of  the  fruits,  with- 
in. It  might  be  possible  to  arrange  a  chute  so  that  the  crate 
would  slowly  stop,  but  in  actual  practice,  it  is  an  exception,  so 
far  as  the  writer's  observation  goes,  that  a  crate  is  stopped  with- 
out a  sudden  jar.  In  loading,  if  the  crates  are  taken  on  board 
in  a  sling,  a  frame  should  be  arranged  so  that  the  ropes  will  not 
bind  against  the  outer  crates  and  bruise  the  fruits  within.  It  is 
a  common  practice  in  carrying  crates  to  allow  them  to  fall  two  or 
three  inches  when  setting  them  down.  This  is  true  not  only 
at  the  steamer  but  among  all  those  who  handle  the  crates.  The 
practice  must  be  avoided  or  bruising  will  certainly  follow. 

ORGANIZATION  FOR  MARKETING. 

Of  equal  importance  with  transportation  facilities,  is  the  or- 
ganization of  the  growers  and  shippers  into  a  co-operative  mar- 
keting concern.   The  success  of  co-operative  marketing  elsewhere 
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and  the  failure  of  other  methods  which  has  been  amply  demon- 
strated in  Hawaii,  should  be  sufficient  argument  to  lead  all  those 
interested  in  marketing  fresh  fruits  to  cooperate  in  a  market- 
ing organization.  In  fact,  no  large  fresh  fruit  trade  is  likely  to 
be  built  up  except  through  some  strong  central  organization  of 
the  shippers,  or  the  formation  of  an  independent  marketing  com- 
pany who  will  buy  the  fruit  for  shijjment.  The  latter  will  be  the 
result  if  the  growers  fail  to  organize  themselves.  Such  a  com- 
pany will  buy  the  fruit  at  canning  prices  and  ship  them  as  green 
fruit,  and  thus  the  profits  of  fresh  fruit  marketing  wiU  pass  from 
the  grower.  The  need  of  organization  has  been  set  forth  already 
in  Bulletin  No.  14  of  this  Station,  and  it  is  only  necessary  to 
say  here  that  the  observations  of  the  more  recent  study  of  the 
markets  ha^  strengthened  the  conclusions  presented  therein. 

The  marketing  organization  should  be  represented  in  Hono- 
lulu and  all  points  in  the  Territory  from  which  direct  shipments 
are  made.  It  is  also  equally  important  that  at  least  one  man 
should  represent  the  shippers  in  San  Francisco,  and  the  busi- 
ness would  certainly  demand  in  the  near  future  that  other  repre- 
sentatives be  placed  in  the  different  markets  to  be  reached.  Every 
agent  should  be  on  salary,  with  no  commissions,  and  should  not 
engage  in  the  selling  of  other  fruit.  There  should  be  a  man  in 
San  Francisco  to  look  after  the  interests  of  Hawaiian  shippers, 
to  receive,  care  for,  and  trans-ship  fruit.  This  is  all  the  more 
true  since  much  of  the  fruit  would  be  better  for  re])acking  before 
trans-shipment. 

The  local  agent  at  the  shipping  point  should  receive  the  fruit, 
should  see  that  it  is  handled  with  utmost  care  by  the  transfer 
and  steamship  companies,  while  the  agent  at  San  Francisco  or 
other  port,  should  be  present  to  receive  the  fruit  and  see  that 
every  handling  is  performed  with  care. 

Whether  the  fruit  is  to  be  sold  at  private  sale,  or  at  public  auc- 
tion, must  be  determined  by  the  shippers.  In  part  it  may  be 
necessary  to  follow  the  precedent  of  each  market,  but  in  any 
case,  the  consignment  and  commission  system  should  be  avoided. 
In  some  markets,  fruit  is  sold  through  brokers  at  private  sale. 
In  others,  there  is  a  public  auction  at  which  all  buyers  may  bid. 
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First  class  fruit  usually  brings  a  better  price  through  private 
sale,  provided  the  agent  is  a  good  salesman.  In  Chicago,  where 
the  experimental  shipment  of  the  past  summer  was  marketed, 
Florida  pineapples  are  sold  at  private  sale. 

MARKETS. 

The  Markets  That  May  Be  Reached.  In  Bulletin  No.  14,  it 
was  stated  that  in  the  future  development  of  the  tropical  fruit  trade, 
the  Eastern  cities  of  the  United  States  would  probably  be  sup- 
plied bv  Porto  Rico,  Florida  and  Cuba,  while  the  western  coast 
could  be  supplied  from  Hawaii.  Although  it  would  not  be  wise 
to  draw  too  general  conclusions  from  a  single  experiment,  it 
nuist  be  said  that  the  results  of  the  shipping  investigations  of 
the  past  summer  point  towards  a  much  larger  outlook  for  Ha- 
waiian fruit  marketing.  The  pineapples  and  avocados  which 
were  taken  to  Chicago  in  August,  1907  arrived  in  such  condi- 
tion as  to  justify  the  belief  that  these  two  fruits  could  be  dis- 
tributed over  a  much  wider  area  than  had  been  previously  ho])ed. 
A  leading  dealer  in  fruits  in  Chicago  representing  a  firm  which 
ships  fruit  to  Europe,  as  well  as  to  all  parts  of  America,  on  ex- 
amining the  pineapples,  stated  that,  from  a  Ijusiness  point  of 
view,  if  the  carload  were  the  property  of  his  company  it  should 
be  trans-shipped  at  once  to  New  York ;  and  further,  that  fruit 
in  such  condition  could  be  shipped  to  any  of  the  world's  great 
markets.  If  future  experiments  of  this  kind  shall  confirm  the 
results  of  the  past  season,  it  will  be  conservative  to  say  that 
Hawaiian  pineapples  may  be  shipped  to  any  part  of  the  United 
States  or  Canada.  It  is  possible  that  some  kinds  of  fruits  may 
not  stand  the  distant  shipment,  and  for  these,  markets  must  be 
developed  nearer  home.  F^or  example,  the  papaia  will  probably 
not  endure  a  long  journey  by  rail  after  reaching  the  mainland. 
The  avocado  travels  much  better,  and  with  proper  refrigeration 
and  handling,  can  probabl}^  be  carried  far  inland.  This  is  true 
also  of  the  mango.  The  carrying  qualities  of  some  other  fresh 
fruits  which  have  not  been  marketed  on  the  mainland,  have  yet 
to  be  determined, 
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The  Capacity  of  the  Markets  for  tropical  fruits,  when 
once  developed,  can  be  judged  by  the  enormous  consumption  of 
other  fruits,  which,  a  few  years  ago,  were  comparatively  un- 
known, or  were  not  shipped  in  quantity  to  eastern  markets.  To 
illustrate  this,  it  may  be  said  that  more  than  twenty  carloads  of 
California  grapes  are  sometimes  sold  in  a  single  morning  in  the 
Chicago  market.  It  is  estimated  by  those  most  familiar  with 
the  fruit  trade  of  Chicago  that  this  market  receives  at  present 
al)out  twenty-five  hundred  carloads  of  pineapples  per  year.  The 
present  consumption  of  this  fruit  is  only  the  faintest  indication 
of  the  amount  which  will  be  consumed  in  the  future  provided 
proper  methods  for  developing  markets  are  pursued.  This  pre- 
supposes a  marketing  organization.  Through  such  an  agency  a 
constant  supply  of  fruit  can  be  kept  u]X)n  the  markets  during 
the  season.  By  this  means  also,  the  over-stocking  of  one  mar- 
ket while  another  is  bare  will  be  avoided,  and  by  care  in 
repacking  on  the  part  -of  the  trans-shipping  agent,  fruit  of 
uniformly  first  class  quality  can  be  supplied.  This  constant 
stream  of  good  fruit  flowing  into  the  markets  will  rapidly  in- 
crease their  capacity.  In  Ogden,  Salt  Lake  City  and  Denver 
it  was  found  that  there  w^ere  dealers  ready  to  receive  Hawaiian 
pineapples  in  carload  lots.  With  the  exception  of  Reno,  Nevada, 
these  were  the  only  markets  visited  between  San  Francisco  and 
Chicago.  No  doubt  all  the  large  cities  would  take  the  fruit  in 
freight  lots. 

Developing  the  fresh  pineapple  market  means  an  enormous  in- 
crease in  the  use  of  canned  pines.  The  canned  product  on  the 
shelves  of  the  grocery  store  attracts  little  attention,  a  pineapple 
tin  appearing  the  same  as  that  containing  any  other  fruit.  On 
the  other  hand  the  fresh  fruit  is  conspicuous  by  its  unusual  form 
and  beauty,  and  if  of  good  size,  attracts  the  attention  of  every 
passerby.  If  reasonable  in  price,  he  buys  and  perhaps  learns 
for  the  first  time  the  taste  of  the  pineapple;  or  if  he  has  eaten 
the  pineapple  before,  he  learns  for  the  first  time  the  quality  of 
the  Hawaiian  product.  Later  when  the  fruit  is  out  of  season 
he  buys  it  in  the  can.  If  Hawaiian  growers  fear  an  over-pro- 
duction of  pineapples,  the  best  possible  policy  would  be  to  keep 
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selling  the  fresh  frnit  in  as  large  quantities  as  the  markets  will 
consume. 

The  term  "overproduction"  merely  expresses  a  relation  in  which 
the  immediate  supply  exceeds  the  demand.  Equilibrium  may 
be  restored  not  through  any  permanent  reduction  in  the  supply, 
but  through  increase  in  demand.  This  may  be  accomplished 
through  more  general  distribution.  As  an  illustration  of  this, 
there  are  more  prunes  and  raisins  sold  today  at  remunerative 
prices  than  were  grown  at  any  time  during  the  period  of  so- 
called  over-production  in  California  and  Oregon.  The  rational 
move  for  the  growers  of  pineapples  is  to  organize  their  efforts 
to  keep  the  demand  constantly  in  advance  of  the  supply. 

In  the  discussion  of  markets  the  pineapple  is  spoken  of  in  par- 
ticular since  that  fruit  is  grown  most  extensively  in  Hawaii. 
There  are  those  who  are  making  a  specialty  of  handling  rare 
fruits  and  particularly  tropical  fruits  in  the  great  markets  but 
this  is  comparatively  a  new  business. 

Competition.  It  is  not  to  be  expected  that  Hawaii  can  have 
the  whole  field  without  competition,  nor  is  it  necessary.  Some 
have  thought  that  Hawaiian  pineapples  could  not  compete  in 
price  with  the  Florida  product.  The  prices  of  the  latter,  as  quot- 
ed in  the  Eastern  markets,  are  somewhat  misleading  to  the 
Hawaiian  grower.  Prices  are  usually  quoted  per  crate.  The 
Florida  crate  being  much  smaller  than  the  Hawaiian,  and  the 
fruit  also  being  of  much  smaller  size,  the  comparison  of  prices 
m^eans  very  little,  except  when  brought  to  a  per  pound  basis. 

The  quotations  in  Chicago  on  May  22,  1907  were  about  as 
follows : 

42  size .$2 .75  per  crate 

36  size  . . . .... . . . . . . ...... ... . . . ..... .  3 .25  per  crate 

30  size 3.50  per  crate 

24  size 3 .  50  per  crate 

18  size 3 .  50  per  crate 

The  "42  size''  indicates  that  there  are  42  pines  per  crate.  The 
gross  weight  of  a  crate  is  about  75  pounds,  and  the  net  weight 
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approximately,  60  pounds.  It  varies  little  with  the  size  of  tlic 
fruit.  Therefore,  about  60  pounds  of  fruit  were  selling  on  that 
ciay  at  $2.75  to  $3.50  according  to  size  of  fruit.  The  finest  of 
these,  the  eighteens,  would  average  only  3.3  pounds  per  fruit,  or 
smaller  than  any  fruit  which  is  shipped  from  Hawaii.  The  price 
of  the  best  grade  would  be  about  the  equivalent  of  $116  per  ton. 
If  this  price  were  received  for  Hawaiian  pines,  there  would  be 
left  a  very  considerable  margin  after  deducting  the  costs  of  trans- 
portation. Hawaiian  pines  sold  in  September  in  Chicago  for 
$155  per  ton. 

Although  the  Florida  crop  matures  about  the  same  time  as 
that  of  Hawaii,  when  the  Hawaiian  pines  were  sold  in  Chicago 
in  September,  the  market  was  bare  of  other  pineapples  and  was 
reported  to  have  been  so  for  a  long  time.  The  dealers  stated 
that  very  few  pines  were  received  during  the  summer  and  the 
Hawaiian  product  would  find  a  ready  sale. 

The  Florida  output  consists  of  about  half  a  million  crates  per 
year.  This,  however,  is  subject  to  the  uncertainties  of  weather 
to  a  greater  degree  than  the  Hawaiian  crop.  For  example,  the 
Florida  crop  for  1907,  especially  on  the  lower  east  coast,  suffered 
seriously  from  a  freeze  and  the  entire  pineapple  area  was  visited 
by  a  severe  drought.  It  is  estimated  that  these  two  factors  re- 
duced the  crop  to  about  40  to  60  per  cent  of  the  normal.  Al- 
though the  Hawaiian  pineapple  fields  may  at  some  future  time 
suffer  from  severe  drought,  frost  is  unknown.  The  assurance 
of  protection  against  this  dread  enemy  which  those  in  an  "al- 
most" frostless  country  are  constantly  in  fear  of  should  quite 
offset  the  difference  in  the  cost  of  transportation. 

Comparing  the  quality  of  the  fruit,  it  has  been  recognized  in 
all  the  markets  visited  during  the  past  summer's  investigations, 
that  the  quality  of  the  Hawaiian  pines  as  to  flavor,  texture  and 
juiciness  is  far  superior  to  the  average.  This  may  perhaps  be 
attributed  in  part  to  soil  and  climate,  but  is  probably  due  in  a  large 
degree  to  the  variety  which  is  grown  in  Hawaii  most  extensively. 
The  "Smooth  Cayenne"  is  recognized  as  a  pineapple  of  fine  qual- 
ity, but  Hawaii  must  not  be  blind  to  the  fact  that  her  competitors 
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have  chosen  the  ''Red  Spanish"  because  of  its  better  shipping: 
qualities.  About  90  per  cent  of  the  Florida  crop  is  said  to  be 
of  this  variety.  If,  how^ever,  the  Smooth  Cayenne  can  be  suc- 
cessfully shipped  with  only  a  small  loss  in  transit,  it  will  out- 
sell the  Red  Spanish. 

It  has  also  been  supposed  by  some  that  Hawaii  has  a  peculiar 
obstacle  to  contend  with  in  the  black  rot  of  the  pineapple.  This, 
however,  is  incorrect  since  the  same  disease  has  been  reported 
in  pineapples  which  have  been  received  in  the  Chicago  markets 
from  southeastern  points.  This  disease  is  more  prevalent  in  the 
Smooth  Cayenne  variety  than  in  the  Red  Spanish. 

PINEAPPLES. 

SPECIAL   CONDTTTONS    AFFF.CTTNG   SUCCESS   IN    SHIPPING. 

Care  in  Handling.  The  pineapple,  as  grown  in  Hawaii,  is 
an  unusually  delicate  fruit  to  ship.  Its  weight  is  the  first  factor 
in  the  problem.  If  an  apple,  a  peach  or  an  orange  falls  an  eighth 
or  a  quarter  of  an  inch,  there  is  comparatively  little  momentum 
overcome  when  it  strikes  on  a  single  point.  When,  however,  a 
five  to  nine  pound  pineapple  falls  the  same  distance  and  comes 
to  rest  on  a  comparatively  small  portion  of  its  surface,  or  when 
in  sliding  down  a  chute  within  a  crate,  it  suddenly  comes  to 
rest  against  an  adjoining  fruit,  the  momentum  causes  bruising, 
or  a  destruction  of  the  delicate  cells  within  the  fruit.  In  the 
case  of  a  cured  orange,  or  pomelo  and  in  many  other  commer- 
cial fruits,  there  is  a  certain  elasticity  which  tends  to  overcome 
bruising,  and  to  protect  the  cell  structure  within.  This  is  lack- 
ing in  the  pineapple.  Further,  the  composite  character  of  the 
pineapple  is  against  it  as  a  shipping  fruit.  It  is  really  made  up 
of  many  small  fruits,  or  segments,  placed  closely  together  but 
easily  separable  from  each  other.  A  bruise  which  would  not  be 
sufficient  to  rupture  the  epidermis  of  most  commercial  fruits, 
would  be  sufficient  to  cause  a  separation  between  two  of  these 
segments,  thus  affording  an  opening  for  the  exudation  of  juice. 
This  provides  the  best  possible  medium  for  the  growth  of  fungi. 


17 

The  abundance  of  the  jnice  in  itself  is  another  contributing  fac- 
tor. 

It,  therefore,  becomes  extremely  important  that  the  pineapple 
should  be  handled  with  utmost  care.  A  large  portion  of  the 
losses,  which  were  observable  in  the  fruits  used  in  the  experi- 
ments were  plainly  due  to  bruinne.  This  care  must  be  exer- 
cised at  every  step  from  the  eathering  in  the  field  to  deliverv  in 
the  market.  The  grower,  the  shipper,  the  transfer  companies, 
the  steamship  companies,  and  the  fruit  dealers  each  have  their 
part  to  perform,  and  neglect  or  carelessness  at  any  point  in  tran- 
sit will  result  in  loss  to  the  owners  of  the  fruit.  It  should  never 
be  thrown  or  allowed  to  fall  even  the  slightest  distance,  nor  be 
carried  from  the  field  to  the  packing  house  in  bulk.  The  pack- 
ing of  a  ton  or  more  of  pineapples  loose  on  a  wagon  must  result 
in  the  bruising  of  a  good  many  fruits.  In  fact,  it  would  pro- 
bably pay  to  allow  each  pineapple  to  sustain  no  other  weight  than 
its  own  from  field  to  packing  house,  where  it  has  no  protective 
material  surrounding  it.  This  could  be  accomplished  by  single 
layer  crates.     Only  spring  wagons  should  be  used. 

Under  present  methods  of  shipping,  the  packer  should  use  lib- 
eral amounts  of  packing  materials.  In  the  experiments  of  iqo6 
it  was  found  that  the  crates  shipped  with  very  little  ]>acking 
other  than  a  paper  wrapping,  went  through  with  very  small  loss. 
In  the  1906  shipment,  however,  the  fruit  was  more  carefully 
supervised  at  every  handling  than  was  possible  with  the  ship- 
ments of  the  season  of  1907,  or  would  be  possible  with  commer- 
cial shipments  except  through  a  marketing  organization.  If  all 
the  fruit  were  handled  by  its  owners,  the  use  of  very  little  pack- 
ing material  might  be  recommended.  The  transfer  companies 
carrying  the  fruit  from  railroad  to  wharf  should  be  cautioned  in 
regard  to  the  handling  of  delicate  fruits.  It  is  much  easier  to 
drop  a  crate,  allowing  it  to  fall  an  inch  or  two,  than  it  is  to  place 
it  where  it  belongs.  Men  who  are  accustomed  to  handling  pack- 
ages constantly,  naturally  acquire  the  easiest  method. 

The  duty  of  the  steamship  companies,  in  relation  to  careful 
handling,  is  the  same  in  part  as  that  of  the  transfer  companies. 
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The  methods  of  loading  and  discharging  the  cargo,  can  be  much 
improved  upon.  Pineapples  are  frequently  taken  on  board  by 
means  of  a  sling  which  bruises  the  fruits  where  the  rope  binds 
the  crate.  In  discharging  the  fruit  even  greater  damage  occurs 
when  the  chute  is  used.  The  crates  are  placed  at  the  top  of  an 
inclined  plane  and  are  allowed  to  descend,  by  their  own  weight. 
Tn  practice,  nearly  every  crate  comes  to  a  sudden  stop  on  the 
level  plane  at  the  foot  of  the  chute  with  consequent  bruising  to 
the  fruits  within.  It  is  difficult,  if  not  impossible,  for  a  man 
at  the  foot  of  the  chute  to  control  the  matter  so  that  the  crates 
will  come  to  rest  slowly  without  jar.  Some  device  must  be 
sought  which  will  obviate  this  bruising  both  in  taking  on  and 
discharging  the  cargo.  Where  the  fruit  is  hoisted  by  tackle  at- 
tached to  the  boom,  or  freight  crane,  it  would  be  possible  to 
avoid  the  bruising  by  the  rope  if  a  frame  were  made  in  which 
the  crates  could  be  placed,  so  that  the  binding  would  be  against 
the  frame  instead  of  the  crates.  This  injury  can  be  largely 
avoided  by  the  use  of  strips  of  wood  at  the  four  corners  of  the 
sling  to  distribute  the  pressure.  A  more  rapid  method  of  load- 
ing and  discharging,  if  there  were  sufficient  business  to  justify 
it,  would  be  an  adaptation  of  the  endless  chain  carrier  with 
attendants  at  the  top  and  bottom.  By  this  means,  the  fruit 
could  be  handled  much  more  rapidly  and  with  less  injury.  Per- 
haps the  present  shipments  of  fresh  pineapples  would  not  justify 
any  steamship  company  in  putting  in  this  apparatus  for  pine- 
apples alone.  If,  however,  there  were  a  fresh  fruit  marketing 
organization,  and  a  larger  quantity  shipped,  this  would  appear 
to  be  the  most  satisfactory  method  of  handling  the  crates  at  the 
ship.  It  may  be  said  also  that  this  method  would  be  equally 
advantageous  in  the  case  of  bananas  wherever  they  are  not 
trucked  into  the  ship. 

The  responsibility  of  the  commission  merchant  for  the  hand- 
ling of  fruit  begins  at  the  dock.  The  most  satisfactory  method 
of  securing  uniform  care  from  this  point  to  the  retail  dealer  is  in 
having  the  ownership  pass  from  the  grower  to  the  wholesale 
dealer.     It  is   useless   to   expect   the   average   commission   mer- 
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chant  to  take  the  same  care  with  consigned  fruit  that  would 
be  taken  with  fruit  which  he  owns.  As  an  illustration  of  this, 
it  may  be  said  the  writer  has  seen  Hawaiian  bananas  thrown 
fully  ten  feet  and  allowed  to  drop  on  the  bottom  of  a  wagon 
and  then  piled  ten  or  twelve  feet  high,  the  loader  standing 
on  the  lower  tiers  while  the  upper  ones  were  being  placed. 
No  man  would  tr*eat  his  own  bananas  in  this  way,  nor  is  it  in- 
tended to  intimate  that  every  commission  house  so  treats  fruit 
consigned  to  it.  But  how  is  the  consignor  to  know  what  injury 
is  the  result  of  careless  handling  on  the  part  of  the  consignee? 
It  is  even  more  important  that  the  pineapples  be  handled  with 
care  at  their  destination  than  in  the  field,  since  they  are  riper. 
The  chute  is  in  use  in  many  commission  houses  also  as  a  means 
of  transferring  the  fruit  from  the  wagon  to  the  basement  of  the 
fruit  house.  Although  the  distance  is  not  so  great  as  from  the 
steamer's  side  to  the  wharf,  the  momentum  acquired  before  the 
floor  of  the  basement  is  reached,  is  sufficient  to  cause  much 
bruising  unless  the  operator  at  the  foot  of  the  chute  is  on  the 
alert  to  prevent  sudden  jar.  It  is  important  also  that  the  pine- 
apples which  have  traveled  2,000  miles  by  steamer,  should  be 
picked  over  as  soon  as  possible  eliminating  those  which  are  de- 
caying, and  thus  avoiding  the  spread  of  disease. 

Packing  Materials.  Further  tests  were  made  of  the  rela- 
tive value  of  hay  and  excelsior  for  packing  pineapples  in  the 
crates.  So  far  as  the  preservation  of  the  fruit  is  concerned 
there  appears  to  be  no  difference  but  the  excelsior  makes  a  better 
appearance.  Corrugated  strawboard  was  also  tested  as  a  wrap- 
ping about  each  pineapple  but  with  no  added  benefit. 

Pineapple  Rot^  Thielaviopsis  ethaceticus.  The  presence  of 
this  disease  in  pineapples  was  mentioned  in  Bulletin  No.  14.  As 
stated  above,  this  disease  is  not  peculiar  to  Hawaii.  It,  never- 
theless, appears  to  be  an  important  factor  in  the  problem  of  fresh 
fruit  shipments,  and  its  control  is  a  matter  of  great  importance. 
Every  means  possible  should  be  taken  to  avoid  infection  with 
the  spores  of  Thielaviopsis.  Even  should  it  prove  practicable 
to  arrest  the  development  of  the  fungus  in  pineapples  before 
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shipment,  the  importance  of  avoiding  infection  remains  the  same. 
In  most  fungus  attacks  upon  ripening  fruit,  a  large  part  of  the 
injury  results  from  increasing  the  number  of  vulnerable  points. 
In  the  case  of  citrus  fruits  for  example,  it  has  been  found  '  that 
much  of  the  heavy  loss  sustained  has  been  due  to  abrasions  of 
the  rind  caused  by  brushing,  or  by  the  orange  i:lippers,  or  from 
other  sources.  Although  the  exact  life-history  of  Thielaviopsis 
in  pineapples  has  not  been  thoroughly  worked  out,  it  is  reason- 
able to  suspect  by  analogy,  some  of  the  probable  means  of  in- 
fection. First,  infection  may  readily  take  place  through  the 
moistened  surface  of  the  stem  where  it  is  cut.  Considerable 
benefits  appear  to  have  been  gained  by  thoroughly  drying  the 
stem  before  packing  so  that  it  will  be  a  less  inviting  field  for 
spores.  The  Experiment  Station  has  not  yet  been  able  to  make 
a  careful  and  exhaustive  study  of  this  subject.  So  far  as  ob- 
servations have  been  carried,  there  is  an  advantage  in  allowing 
the  fruit  to  stand  on  its  crown  for  some  time  after  gathering. 
Second,  innumerable  vulnerable  points  are  made  by  the  bruis- 
ing which  takes  place  in  shipping.  Bruising  of  the  fruit  can 
be  avoided  by  careful  packing  and  handling.  Third,  it  is  pro- 
bable that  insects  play  their  part  in  the  spreading  of  this  dis- 
ease. Whether  the  pineapple  mealy-bug,  or  the  pineapple  scale 
spreads  this  disease  has  not  been  proved,  but  the  general  nature 
of  their  attack  makes  it  probable  that  they  do.  Mealy-bugs  clus- 
ter at  the  base  of  the  pineapple.  They  not  only  puncture  the 
fruit  but  also  cause  it  to  crack  open.  The  mealy-bug  saps  the 
vitality  of  the  plant  and  mars  the  appearance  of  the  fruit.  The 
shipment  of  insect-infested  fruits  will  also  give  Hawaiian  pine- 
apples a  bad  name  in  ports  where  careful  quarantine  regulations 
are  enforced.  Every  effort  should  therefore  be  made  to  control 
insect  pests  in  the  pineapple  fields.  New  fields  should  not  be 
planted  without  carefully  fumigating  or  dipping  the  plants  to 
destroy  the  insects  present. 


1     Powell  et  al,  U.  S.  Dept.  of  Agriculture,  Bureau  of  Plaiit  Indus- 
try, Bulletin  No.  123. 


FRUIT  FROM  DIFFERENT  J^IELDS. 

There  appears  to  be  a  very  wide  difference  in  the  keepiiiff 
(liialitv  of  pineapples  from  different  fields.  During  tlie  trials  of 
two  years  the  average  loss  on  fruits  from  some  fields  has  run 
as  low  as  4.93  per  cent,  while  from  other  fields  it  has  averaged 


HAWAIIAN    PINEAPPLES  WITH    STEMS  CUT   LONG. 

25.77  per  cent.  While  the  evidence  in  hand  is  not  conclusive 
it  strongly  suggests  the  importance  of  soil  studies  and  fertilizer 
cxperinietits  in"Velation  to  the  keeping  quality  of  pineapples. 

LENGTH  OF  STEMS'. 
A  large  number  of  fruits  were  cut  with  stems  two  to  three 
inches  long  and  also  others  with  stems  one  inch  long  or  less. 
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The  results  are  confirmatory  of  those  of  the  year  1906,  referred 
to  in  Bulletin  No.  14.  On  fruits  that  showed  a  great  tendency 
to  decay  in  transit  the  part  saved  by  cutting  long  stems  averaged 
17  per  cent  of  the  whole.  The  greater  the  tendency  to  decay, 
the  greater  became  the  saving  on  long-stemmed  fruit.  This  340 
lbs.  per  ton  or  17  per  cent,  would  be  worth  $17  on  a  basis  of  5 
cents  per  pound. 

Broken  Stems.  There  is  a  point  in  the  pineapple  stalk  where 
the  fruit  can  be  broken  from  the  plant.  This  point,  however, 
is  too  close  to  the  fruit,  even  closer  than  it  has  been  customary 
to  cut.  The  diflference  in  favor  of  long  stems  as  compared  with 
broken  stems  was  over  46  per  cent. 

Paper  Wrapping.  In  the  experiments  of  1906  it  was  shown 
that  the  use  of  a  paper  wrapping  about  each  fruit  resulted  in  a 
marked  reduction  in  the  loss.  These  results  also  are  confirmed 
by  the  trials  made  in  1907.  Where  the  loss  was  heavy  without 
wrapping  there  was  a  saving  on  wrapped  fruit  ranging  from 
434  P^^'  cent  to  over  9)4  P^i'  cent.  On  an  average  this  differ- 
ence in  favor  of  wrapping  was  about  6.6  per  cent. 

It  is  interesting  to  note  that  fruits  that  were  cut  with  long 
stems  and  also  wrapped  in  paper  and  otherwise  comparable  with 
the  above  showed  an  average  saving  of  22.37  P^r  cent  of  the 
whole  as  compared  with  fruits  cut  with  short  stems  and  packed 
without  paper.  This  approximates  the  figure  obtained  by  add- 
ing the  gains  resulting  from  these  two  devices  when  practiced 
separately.  This  experiment  confirms  the  results  obtained  in 
1906. 

RELATIVE  AJ3VANTAGE  OF  DIFFERENT  PARTS  OF 

SHIP. 

During  the  experiments  of  1907  tests  were  made  of  the  relative 
advantages  of  the  orlop  deck  and  the  after-deck  for  the  carrying 
of  pineapples.  The  'tween-decks  were  not  used  at  all  since  the 
results  here  the  previous  season  were  so  decidedly  unfavorable, 
and  since  this  portion  of  the  ship  without  a  forced  draft  is  mani- 
festly without  sufficient  ventilation  for  carrying  fruit.  The  tem- 
peratures are  too  high  and  the  circulation  of  air  is  insufficient. 
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Pineapples  from  the  three  fields  mentioned,  were  placed  on  the 
after-deck  of  the  ship  and  were  covered  with  a  tarpanlin  to 
protect  them  from  the  weather.  The  fruit  on  the  orlop  deck  was 
ventilated,  as  usual,  by  means  of  a  windsail.  The  results  show 
no  constant  advantage  in  favor  of  either  of  these  decks.  While 
in  fair  weather  fruit  can  be  carried  on  the  after-deck  with  a  fair 
degree  of  safety,  in  stormy  or  cold  weather  this  cannot  be  done. 
The  tarpaulin  over  the  crates  on  the  after-deck,  should  be  placed 
a  sufficient  distance  above  the  crates  to  permit  a  free  circulation 
of  air  beneath.  Otherwise  the  temperatures  will  become  too 
high    1 

Carrying  fruit  where  it  is  exposed  to  the  vicissitudes  of  wea- 
ther can  be  regarded  only  as  a  makeshift.  Any  steamship  com- 
pany which  aims  to  get  the  fresh  fruit  trade  must  equip  its  ships 
to  handle  fruit  in  all  weather. 

REFRIGERATION  VERSUS  VENTILATION. 

Some  pineapples  were  shipped  by  the  trade  in  refrigeration 
during  the  early  part  of  tlie  season  of  1907.  The  temperature 
was  to  be  held  at  about  50  degrees. 

An  experiment  was  made  to  determine  the  value  of  such  re- 
frigeration. In  the  case  of  pineapples  from  fields  A  and  B,  no 
advantage  resulted,  the  loss  being  practically  the  same  in  refri- 
geration as  on  the  after  deck.  No  fruits  from  field  C  were 
shipped  in  refrigeration.  The  temperature  of  the  refrigerated 
compartments  was  held  at  about  50  degrees  F.  after  it  had  been 
reduced  to  this  point.  The  compartments  were  very  full,  and 
it  is  probable  that  the  temperature  of  the  fruit  remained  for 
a  long  time  above  that  of  the  air  of  the  room.  The  tem- 
perature of  50  degrees  F.  was  not  attained  in  one  of  the 
largest  compartments  uhtil  about  eight  P.  M.  of  July  26. 
2y2  days  from  the  time  of  sailing.  This  temperature,  50 
degrees,  is  higher  than  is  used  for  the  refrigeration  of  other 
fruits.     While  it  would  not  be  fair  to  conclude  that  refrigeration 


See  "Transportation  by  Sea,"  page  7. 


24 

is  unsiiited  to  pineapple  shipments,  it  can  be  safely  averred  that 
an  air  temperature  of  50  degrees  attained  two  days  or  more 
after  sailing,  the  fruit  having  been  gathered  several  days  pre- 
ceding sailing,  is  of  no  particular  advantage.  A  more  effective 
refrigeration,  which  would  bring  the  temperature  of  the  com- 
partment to  perhaps  40  degrees  within  a  short  time  after  sailing, 
might  give  far  different  results.  The  cost  of  shipping  by  refri- 
geration is  considerably  greater  than  by  ordinary  freight.  The 
lowest  rates  offered,  so  far  as  the  writer  is  aware,  for  refrigerated 
freight  from  Honolulu  to  San  h>ancisco  is  one  cent  per  pound, 
about  three  times  the  cost  for  carrying  on  deck.  If  the  simpler 
and  cheaper  method  of  transportation  in  ventilation  should  prove 
inefficient,  it  will  then  be  necessary  to  conduct  further  experi- 
ments in  refrigeration  in  transit  using  lower  temperatures. 

BANANAS. 

One  of  the  experiments  was  the  shipment  of  Chinese  bananas 
to  San  Francisco  unwrapped.  This  variety  is  always  wrapped 
when  exported  from  Hawaii.  The  wrapping  consists  of  dried 
banana  leaves  or  occasionally,  dried  grass ;  the  latter  however  is 
not  a  suitable  material. 

A  serious  disadvantage,  is  that  this  wrapping  gives  to  the 
l)unch  of  bananas  the  appearance  of  greater  protection  than  it 
really  has.  The  fruit,  therefore,  receives  very  much  rougher 
handling.  The  experiment  was  made  for  these  reasons  and  be- 
cause some  have  thought  that  the  wrapping  might  be  a  direct 
cause  of  heating.  Fifty  bunches  were  shipped  in  connection 
with  the  first  experiments  of  1907.  It  was  intended  that  these 
fruits  should  receive  the  same  care  on  board  ship  as  the  rest  of 
the  cargo  of  wrapped  fruit.  Through  an  error  the  bunches  were 
suspended  from  hooks  and  hung  clear  of  each  other.  They  thus 
received  better  care  than  the  wrapped  fruit.  Notwithstanding 
this,  these  fifty  bunches  arrived  in  San  Francisco  in  no  better 
condition  than  those  which  were  wrapped;  and  it  was  evident 
from  their  bruised  condition  that  had  they  been  placed  with  the 
others  and  been  loaded  and  discharged  in  the  same  manner,  they 
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would  not  have  arrived  in  salable  condition.  The  Chinese,  or 
Cavendish  variety,  has  a  rind  much  more  delicate  than  the  so- 
called  "Eastern"  banana  imported  from  Central  America  and  the 
West  Indies. 

Since  the  bananas  received  unusually  good  care  from  the 
steamship  company,  the  bruises  were  probably  received  from 
those  who  handled  the  fruit  in  Honolulu  or  in  San  Francisco. 
Both  the  consignor  and  the  consignee  should  be  slow  to  lay  all 
the  blame  for  losses  at  the  door  of  the  steamship  company  until 
they  have  made  sure  that  none  of  it  can  be  accounted  for  by 
their  own  methods  of  handling  the  fruit. 

The  so-called  Eastern  variety  was  introduced  into  Hawaii  in 
1904  under  the  name  of  ''Bluefields"  banana,  Bluefields  being  an 
important  port  of  shipment  in  the  banana  trade.  Tt  is  well 
known  that  this  variety  is  always  shi])ped  without  wrapping  both 
in  steamships  and  by  rail. 

A  great  many  offsets  have  been  distributed  throughout  Ha- 
waii from  the  stock  introduced  and  propagated  by  this  Station. 
Some  of  these  fruits  are  beginning  to  appear,  and  a  few  bunches 
were  shipped  to  San  Francisco  in  November,  1907.  One  of 
these  was  overripe  on  arrival  due  to  having  been  too  near  ripe 
w^hen  shipped.  The  others  are  reported  to  have  arrived  in  most 
excellent  condition  and  to  have  ripened  with  a  bright  color.  This 
limited  trial  would  not  be  a  sufficient  one  upon  which  to  base 
conclusions  in  the  matter  of  shipping  this  variety  without  wrap- 
ping on  the  steamships  from  Flonolulu,  because  these  vessels 
are  not  specially  equipped  for  the  banana  trade,  as  are  those  in 
the  West  Indian  trade.  It  will  not  be  long  before  a  sufficient 
quantity  of  this  fruit  should  be  available  to  make  a  more  exten- 
sive test. 

If  the  Chinese,  or  Cavendish  banana,  continues  in  the  Hawaii- 
an trade,  some  methods  of  protection,  preferable  to  those  now  in 
use,  should  be  sought.  On  the  mainland  a  cylindrical  package 
known  as  a  ''banana  drum,"  is  coming  into  use  in  shipping 
bananas  by  express  from  the  great  central  markets  to  the  tribu- 
tary territory.  These  are  of  heavy  pasteboard  or  strawboard 
with  three  hoops  and  have  a  thin,  wooden  bottom.   At  the  top, 
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a  lining  of  heavy  wrapping  paper  extends  about  a  foot  above 
the  top  of  the  dntm.  The  bunch  of  bananas  is  packed  within 
this  drum  and  the  paper  tied  about  the  stem,  which  thus  makes 
ci  convenient  handle  for  lifting  the  package.  A  similar  drum  is 
also  being  made  with  veneer  sides  in  place  of  the  pasteboard. 
These  are  quoted  in  Chicago  at  nine  cents  for  a  twelve  inch 
drum,  or  ten  cents  for  a  fourteen  inch  drum ;  ^'knocked  down'' 
and  crated  for  shipment.  The  paper  drums  cost  about  half  this 
amount.  It  would  be  well  to  make  a  trial  of  these  packages,  as 
in  case  they  should  prove  desirable,  they  could  undoubtedly  be 
manufactured  here  in  Hawaii.  Such  packages  would  probably 
not  receive  as  rough  handling  as  the  bunches  wrapped  in  banana 
leaves. 

AVOCADOS. 

The  results  set  forth  in  Bulletin  No.  14  regarding  methods 
of  picking,  packing  and  shipment  of  avocados  have  been  con- 
firmed by  the  trials  of  1907.  Through  an  accident,  many  of  the 
packages  did  not  receive  the  treatment  which  had  been  planned, 
resulting  in  rather  high  percentages  of  loss.  All  that  were  pack- 
ed and  treated  as  described  in  Bulletin  No.  14  gave  satisfactory 
results. 

The  refrigeration  given  the  avocados  was  the  same  as  referred 
to  al)ove  in  the  case  of  pineapples  except  that  the  temperattu'c  of 
50  degrees  F.  was  attained  much  more  rapidly  in  the  room  where 
the  avocados  were  placed.  Although  the  fruit  which  was  pick- 
ed, packed  and  placed  on  board  the  steamer,  as  directed  in  Bul- 
letin No.  14,  arrived  in  San  Francisco  in  good  condition,  it 
would  have  been  better,  judged  by  market  standards,  had  it  been 
firmer.  The  observations  of  this  and  other  experiments,  suggest 
that  a  temperature  lower  than  50  degrees  is  necessary  for  the 
most  successful  shipment  of  avocados.  It  is  recommended,  ten- 
tatrvely,  that  the  temperature  be  held  as  low  as  40  degrees. 

Observing  a  few  essential  points  in  packing  and  shipping,  the 
avocado  appears  not  to  be  a  difficult  fruit  to  export.  It  is  neces- 
sary to  use  care  in  picking  and  packing  so  as  to  avoid  bruising. 
It  seems  hardly  necessary  to  say  that  avocados  which  have  been 
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shaken  from  the  tree,  or  knocked  off  with  sticks  or  stones,  or 
allowed  to  fall,  even  after  heln^  cut,  are  unfit  for  shipment.  Yet 
such  fruit  has  repeatedly  been  shipped  and  has  been  in  part  res- 
]>onsible  for  the  impression  that  avocados  are  an  uncertain  ship- 
ping fruit.  To  insure  success  the  fruit,  after  careful  picking, 
should  be  wrapped  in  paper  and  packed  in  single  layer  crates. 
The  spaces  between  the  fruits  should  not  be  Ulled  mth  paper,  as 
is  often  done.  This  paper  makes  refrigeration  much  more  dif- 
ficult, retaining  the  natural  heat  of  the  fruit  until  ripening  has 
begun.  Perhaps  the  most  striking  essential  in  shipping  avocados 
is  to  get  the  fruit  into  refrigeration  promptly  after  packing.  Tt 
is  characteristic  of  the  avocado  that  it  begins  to  soften  very 
soon  after  picking.  After  this  softening  has  begun,  it  is  too 
late  to  arrest  the  ripening  process  and  place  the  fruit  on  the 
market  in  a  firm  condition  as  required  by  the  dealers.  This 
fruit  should  arrive  in  the  market  perfectly  hard.  Fruit  that  is 
beginning  to  soften,  even  thougli  it  may  be  in  prime  condition 
for  immediate  use,  will  not  sell  readily.  The  dealers  fear  the 
risk  of  loss  in  case  the  fruit  is  not  placed  with  consumers  imme- 
diately. 

The  market  for  avocados  is  limited  at  present  by  reason  of 
the  high  price,  and  in  most  inland  cities  this  fruit  is  little  known. 
Inexperience  has  gone  far  enough,  however,  to  demonstrate  that 
once  the  avocado  becomes  known  and  of  moderate  price,  there 
will  be  markets  for  large  quantities.  First-class  avocados  in 
good  condition  sell  in  San  Francisco  for  about  $2.50  per  dozen, 
and  there  is  little  difficulty  in  disposing  of  all  that  arrive  at  the 
present  time,  provided  only  that  they  are  firm  and  of  good 
quality. 
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The  pineapple  industry  continues  to  develop.  It  has  attained 
larger  dimensions  than  would  have  been  thought  of  a  few  years 
ago.  The  output  has  increased  so  rapidly  that  some  growers 
have  even  expressed  the  fear  that  production  might  for  a  time 
exceed  consumption.  With  the  conviction  that  the  best  pre- 
ventive for  overproduction  lies  in  the  direction  of  increased  dis- 
tribution ;  with  the  belief  that  the  fresh  pineapple  is  one  of  the 
best  possible  advertisements  for  itself  and  for  the  canned  product ; 
^iiul  with  the  further  fact  in  mind  that  whatever  can  be  done  to 
perfect  methods  of  shipping  will  increase  the  output  of  fresh 
])ineapples,  this  Station  has  continued  its  investigations  in  pine- 
<M^ple  shipping  during  the  past  season.  A  number  of  new  prob- 
'^'uis  have  been  taken  up  and  some  of  the  experiments  of  pre- 
\ious  years  have  been  repeated  with  confirmatory  results. 

I  he  experiments  were  on  a  co-operative  basis,  being  entered 
'^ih)  by  the  Wahiawa  Consolidated  Pineapple  Company,  the  Ha- 


waiian  Pineapple  Company,  the  Thomas  Pineapple  Company, 
the  Matson  Navigation  Company,  and  the  Hawaii  Experiment 
Station.  The  shipment  was  made  on  the  Steamship  "Hilonian," 
sailing  from  Honolulu  August  ii.  1908.  The  plan  of  the  experi- 
ment was  similar  to  that  outlined  in  Bulletin  No.  14  and  Press 
Bulletin  No.   21. 

RESULTS  OF  TRIALS. 

The  value  of  ''curing'  the  fruit  was  one  of  the  important  prol)- 
lems  which  had  not  been  taken  up  in  a  systematic  way  until  this 
season.  The  term  ''curing"  as  here  applied  refers  to  the  hold- 
ing of  the  fruit  for  a  day  or  two  before  packing.  During  this 
time  most  of  the  stems  will  shrivel  and  the  cut  surfaces  wall  be- 
come dry  and  resistant  to  infection.  By  this  means  also,  the 
excessive  heat  of  the  fruit  is  eliminated.  During  the  w^armer 
part  of  the  day  the  temperature  of  the  fruit  in  the  field  is  much 
higher  than  the  temperature  of  the  air  in  the  shade.  In  some 
observations  between  7  K.  M.  and  8  A.  M.  it  was  found  that 
the  temperature  at  the  center  of  the  fruit  was  only  70°  Fah., 
while  the  air  temperature  in  the  shadow  of  the  s^tmc  fruit  was 
78°  Fah.  Inserting  the  thermometer  one  inch,  the  reading  was 
76^  Fah.  Before  10  A.  M.  the  temperature  of  the  fruit  in  the 
center  was  82°  Fah.,  and  in  the  warmest  part,  95°  Fah.  The 
fruit  continued  absorbing  heat.  At  2  P.  M.  the  reading  was 
105°  Fah.  in  the  warmest  part. 

It  will  thus  be  seen  that  the  pineapples,  as  ordinarily  gath- 
ered, have  absorbed  a  large  amount  of  heat.  If  packed  before 
this  has  been  eliminated,  the  ripening  and  decay  of  the  fruit 
will  be  greatly  hastened. 

To  test  the  practical  value  of  holding  the  fruit  before  packing, 
a  part  of  the  shipment  was  gathered  two  days,  and  another  part- 
one  day  before  packing;  while  still  a  third  portion  was  gathered! 
and  packed  the  same  day.  The  results  indicated  no  advantage^ 
in  holding  the  fruit  longer  than  twenty-four  hours,  this  beinC 
sufficient  to  permit  of  the  drying  of  the  stems  and  the  coolin?: 
of  the  fruit.  Possibly,  a  longer  time  would  be  required  durinif 
the  damper  weather  when  the  winter  crop  is  being  harvested. 
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l^LATE  1.  IHERMOGRAPH  RECORD. 

T)u*  rt!)r)Ar  shovvs  <\  rcconi  OL  tlie  ti'inpertihire  oi  \hv  fiir  sui'r(nnnliii^'  pineajiplt'''^  i"  transit  from  Sulurday,  Ant;iist  sih,  to 
WodiH'Sflay,  August  V^,  19(i8.  The  interruption  oi  the  record  ou  Monday,  August  lOtli,  was  eoin(ddoMt  with  tlie  (ransfcr  ot  t  lu.>  fruit 
from  car  to  Pteamship. 
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Temperature  in  transit.  It  is  interesting  to  note  the  temper- 
ature of  the  air  surrounding  the  fruit  in  transit,  but  it  must  be 
remembered  that  this  is  not  a  true  record  of  the  temperature  of 
the  fruit,  since  the  latter  must  acquire  the  air  temperature  slowly. 
If  packed  when  cool,  it  will  probably  not  acquire  the  greatest 
heat  indicated  during  the  short  time  in  the  car  in  Honolulu  or 
in  transit.  On  the  other  hand,  it  will  not  be  quite  so  cool  as  the 
air  temperature  by  the  record  sheet  on  arrival  in  San  Francisco. 
The  record  exhibited  by  the  accompanying  illustration  (Plate 
I)  was  made  by  a  thermograph  placed  in  the  car,  and  later  in 
the  'tween  decks  of  the  ship.  In  both  cases  it  was  located  among 
the  crates  with  a  view  to  giving  a  fair  average  temperature. 
From  Saturday  at  5  P.  M.  until  Monday  between  10  A.  M.  and 
12  noon,  the  fruit  was  in  the  car,  the  doors  being  open  until 
about  7  A.  M.  on  Monday,  when  the  train  departed  from  Wa- 
hiawa.  The  thermograph  was  installed  in  the  ship  at  about  4:30 
P.  M.  of  the  same  day.  Several  sudden  drops  in  temperature 
may  be  noted  during  the  time  spent  at  sea.  These  were  coinci- 
dent with  the  opening  of  the  hatches  and  the  hoisting  of  the 
windsail  after  rough  weather. 

The  poop  deck.  The  record  bf  temperatures  on  the  poop  deck 
was  taken  by  means  of  a  self-registering  thermometer  which  was 
read  twice  each  day.  This  thermometer  was  suspended  in  a 
narrow  shaft  between  the  crates,  arranged  for  the  purpose  at  the 
center  of  the  deck.  The  thermometer  was  suspended  soon  after 
getting  to  sea  on  August  nth  and  the  maximum  reading  for 
the  remainder  of  the  day  was  79°  Fah.  On  the  12th,  the  maxi- 
mum was  74°  at  the  noon  reading,  and  71°  at  the  5:30  P.  M. 
reading.  From  this  time  to  the  end  of  the  voyage,  the  tem- 
perature constantly  fell,  always  remaining  below  that  in  the 
'tween  decks. 

Comparing  the  results  in  the  fruit  carried  in  these  two  parts 
of  the  ship,  neither  showed  any  advantage  over  the  other.  Had 
there  been  continuous  rough  weather,  so  that  the  hatches  could 
not  have  been  opened,  the  results  might  have  been  different. 
The  electric  ventilator  installed  to  ventilate  the  'tween  decks  of 
^^e  S.  S.  "Hilonian,''  marks  an  important  step  in  progress  in 
Hawaiian  fruit  shipping.    The  one  machine,  however,  is  inade- 


qiiate  for  the  space  and  should  be  supplemented  by  anotlier. 
There  can  be  no  question  that  the  'tween  decks  adequately  ven- 
tilated will  afford  the  safest  and  best  part  of  the  ship  for  pine- 
apples.    Indeed  nothing  short  of  this  will  meet  the  situation. 

Care  in  handling.  The  conditions  under  which  the  experi- 
ments of  the  past  season  were  conducted,  afforded  an  oppor- 
tunity for  careful  handling  from  the  field  to  the  wharf  in  San 
Francisco.  The  greater  portion  of  the  pineapples  were  brought 
from  the  £eld  to  the  packing  house  in  lug  boxes  containing  only 
a  reasonable  number  of  fruits  each,  spring  wagons  being  used 
for  this  transportation.  At  Honolulu  the  car  was  placed  on  a 
siding  close  to  the  ship  and  thus  carting,  involving  two  handlings, 
was  avoided.  It  is  due  the  Matson  Navigation  Company  to 
state  here  that  its  handhng  of  the  fruit  evinced  much  care.  In 
loading,  the  sling  was  provided  wnth  adjustable  protectors  to 
prevent  the  binding  of  the  ropes  against  the  slats  of  the  crates. 
In  discharging,  a  man  was  stationed  at  the  side  of  the  chute 
and  about  half  way  between  the  deck  and  the  wharf  to  stop  the 
crates.  By  this  means  the  men  at  the  end  of  the  chute  were  able 
to  prevent  a  sudden  jar  when  the  crates  reached  the  wharf. 
The  loss  by  bruising  which  oftentimes  is  very  heavy,  was  reduced 
to  almost  insignificant  proportions  by  this  careful  handling  from 
field  to  market  and  by  good  packing. 

Fruit  from  different  fteids.  The  results  of  comparisons  of  the 
shipping  qualities  of  pines  from  different  fields  in  earlier  experi- 
ments were  confirmed  by  the  trials  of  the  past  season.  These 
results  were  fully  set  forth  in  Bulletin  No.  14  and  in  Press 
Bulletin  No.  21,  and  need  not  be  repeated  here. 

MARKET  PROBLEMS. 

Size  of  Fruits,  There  has  recently  grown  up  a  tendency  witb 
some  growers  to  ship  very  small  pineapples.  The  reasons  for 
this  are  that  the  small  fruit  carries  better  with  less  bruising  and 
less  decay.  Although  the  price  per  dozen  is  low,  these  fruits 
sometimes  sell  quite  readily.  It  is  not  recommended  that  any 
great  quantity  of  the  largest  pineapples,  weighing  between  six 
and  nine  pounds  per  fruit,  should  be  shipped  since  the  demaiK^ 


for  these  is  small.  They  appeal  to  a  fancy  market,  and,  so  far 
as  such  outlet  for  them  can  be  developed,  they  should  be  ship- 
ped; but  the  demand  is  for  the  medium  sized  fruit.  There  is  a 
danger  in  the  practice  of  shipping  the  very  small  fruits,  includ- 
ing those  weighing  three  pounds  and  less.  The  fact  that  a  good 
many  of  these  have  come  into  the  San  Francisco  market  from 
Honolulu  has  led  some  to  suppose  that  the  Hawaiian  pinea])ple 
soils  w^ere  becoming  exhausted,  and  that  these  small  fruits  rep- 
resented a  decline  in  the  quality  of  the  product.  As  indicated 
above,  this  is  not  the  cause,  which  rather  is  of  a  purely  com- 
mercial nature.  The  Hawaiian  pineapple  growers,  however, 
should  be  aware  of  the  interpretation  which  is  being  made  and 
guard  the  reputation  of  their  product  by  shipping  first  class 
fruit  of  medium  size,  and  such  quantity  of  larger  sizes  as  prove 
profitable.  The  fruit  which  sells  most  readily,  and  at  the  same 
time  is  superior  in  size  to  most  of  the  fruit  with  which  it  com- 
petes, weighs  from  four  to  five  pounds. 

Insect  Qua/rantine.  Developments  have  arisen  during  the  sea- 
son which  have  necessitated  some  changes  in  the  practices  of 
the  growers  and  shippers  in  relation  to  insect  control.  The 
CaHiornia  State  Board  of  Horticulture  have  ruled  that  pine- 
apples entering  the  State  must  be  fumigated  before  arrival,  or, 
m  other  words,  that  on  arrival  they  must  be  free  from  living 
insects.  The  law  of  Cahfornia  relating  to  the  inspection  and 
quarantine,  is  plain  and  Mr.  Ehrhorn,  Quarantine  Officer  of  the 
port  of  San  Francisco,  is  simply  carrying  out  his  responsibility 
ui  detaining  infested  shipments  of  pineapples.  The  shipping  of 
clean  fruit  is  of  mutual  interest  to  Cahfornia,  to  protect  the 
(Orchards  of  that  state,  and  to  the  pineapple  growers  of  Hawaii, 
to  prevent  the  loss  of  shipments.  In  the  solution  of  the  prol)- 
'^ni,  -Mr.  Ehrhorn  has  taken  an  active  interest  and  we  are  in- 
^lebted  to  him  for  valuable  assistance  and  advice. 

The   remedy   for  this   difficulty   lies   at  home.     Every   effort 

should  be  made  to  grow  clean  pineapples.     For  the  protection 

the  fruit  and  the  reputation  of  the  growers,  it  is  greatly  to  be 

'Icsired  that  even  dead  scales  and  mealy-bugs  should  not  dis- 

^'Rure  the  fruit,  but  in  spite  of  the  most  rigid  methods  of  culti- 


vation,  it  is  probable  that  a  few  insects  will  be  present  in  almost 
any  shipment.  It  is,  therefore,  absolutely  necessary  that  the 
fruit  should  be  carefully  fumigated,  and  that  special  vigilance 
be  exercised  to  the  end  that  no  stray  fruits  that  have  not  been 
treated  should  get  into  the  crates.  The  writer  has  seen  ship- 
ments in  which  a  few  pineapples  were  found  in  the  crates  har- 
boring living  insects,  while  the  other  insects  in  the  crate  were 
destroyed.  This  appears  to  be  due  to  carelessness  in  preparing 
the  shipment. 

The  entomologist  of  the  Station  gives  the  following  recom- 
mendation for  the  fumigation  of  pineapples  for  shipment: 

For  every  loo  cubic  feet  of  air  space  the  dosage  is  as  follows : 
i^  ounce   (by  weight)   of  potassium  cyanide, 
3  fluid  ounces  of  sulphuric  acid, 
6  fluid  ounces  of  water. 

This  dosage  with  an  exposure  of  60  minutes  has  been  found 
effective  in  killing  all  forms  of  the  mealy-bug,  Pseudococcus 
citri  and  the  scale,  Diaspis  hromeliae,  when  liberated  in  an  air- 
tight chamber. 

The  fumigation  under  canvas  has  not  been  uniform  in  results. 
It  has  been  necessary  to  extend  the  time  when  using  canvas  and 
the  length  of  time  has  depended  upon  the  facilities  for  doing  the 
work.  In  using  a  canvas  treated  effectively  to  prevent  leakage, 
over  an  air-tight  floor^  the  time  is  approximately  that  for  an 
air-tight  chamber.  Generally  speaking,  however,  the  time  for 
fumigation  under  treated  canvas  should  be  extended  to  at  least 
one  hour  and  thirty  minutes.  The  loss  of  time  in  the  labor 
required  for  the  fumigation  work  can  be  balanced  by  increasing 
the  capacity  of  the  fumigating  outfit. 
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For  a  numter  of  years  the  pineapple  growers  in  the  Wahi- 
awa  district  have  observed  that  on  certain  sections  of  their  land 
pineapples  do  not  grow  well.  On  these  areas  the  yoimg  plants 
begin  to  grow  as  on  the  best  soils,  but  in  the  course  of  a  few 
months  the  leaves  "begin  to  show  a  reddish-purple  color,  which 
soon  gives  place  to  a  yellowish-white  appearance,  and  this  color 
persists  throughout  the  remaining  life  of  the  platit.  Many  of 
these  plants  never  bear  fruit;  that  which  is  produced,  however, 
is  always  of  inferior  size  and  quality.  These  areas  are  quite 
definite  and  with  the  rapid  expansion  of  the  pineapple  fields  in 
recent  years,  the  land  thus  affecting  this  crop  has  been  found  to 
be  much  greater  in  extent  than  was  formerly  thought.  All 
efforts  of  the  best  growers,  including  the  application  of  ferti- 
lizers and  lime,  good  tillage,  drainage,  etc.,  have  failed  effectually 
to  change  the  growth  of  the  pines  on  these  lands. 

A  number  ot  Inv^^tlgatora  have  from  time  to  time  studied  tlie  effects 
of  manganese  on  ptent  growth.  Such  studies,  howwer,  have  involved 
merely  the  sOTlicatlon  of  small  amounts  of  mangane^  to  mils.  The 
smallest  amount  of  manganese  found  in  our  best  pineapple  soils  is 
Ave  times  greyer  than  the  heaviest  artificial  application  made  in  pre- 
vious experiments,  while  in  our  blaok  soils  the  amount  is  120  times 
greater  Previous  exp«rii»ents  with  man^nese  have  been  concerned 
Jitn  the  possible  stimulating  effect  of  minute  quantities.  In  our  pine- 
nrfi®  *  5H®t^».  Wani^nes©  is  an  important  element  in  the  mil  Th« 
mTr^^  ^^^''^  ^®  ^  pMiminary  rei^ort  oh  the  first  investif ation  ever 
in^^*  ,^!^*  ***  ^^*^^  mangan^e  Is  a  dominant  and  determining  ^c- 
^or  of  plant  growth.— m  v.  Wilcox. 
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In  consideration  of  the  extent  of  such  soil,  and  its  unusual 
character,  the  Hawaii  Experiment  Station  has  undertaken  an 
extended  investigation  of  the  question.  This  work  is  still  in  pro- 
gress, but  it  is  thought  that  results  of  sufficient  importance  and 
scientific  interest  have  been  obtained  to  warrant  their  publication 
at  this  time.  This  bulletin  should,  therefore,  be  regarded  as  a 
preliminary  report,  rather  than  a  complete  discussion  of  the 
subject. 

The  pineapple  growers  'have  noticed  for  several  years  that 
the  soil  which  produces  yellow  pines  in  most  instances  is  dark 
in  color,  whereas  that  producing  thrifty,  green  plants  is  usually 
red.  From  this  difference  in  color,  it  is  common  in  Hawaii  to 
speak  of  pineapple  soils  as  being  red  or  black,  meaning  thereby 
good  or  poor  pineapple  soil;  and  it  is  in  this  sense  that  the 
terms  red  and  black  soils  are  used  in  this  paper.  In  addition 
to  this  difference  in  color,  the  black  soils  appear  to  have  a 
finer  texture  than  the  red  soils.  When  reasonably  dry  and  in 
good  tilth,  the  red  soil  usually  has  a  granular  or  "shotty''  tex- 
ture, while  the  black  soil,  under  similar  conditions,  is  reduced  to 
a  finer  state  of  division.  Upon  thoroughly  wetting,  however, 
either  of  these  types  i,  may  be  crushed  between  the  fingers  to  an 
almost  impalpable  mass;  and  indeed,  to  such  a  fine  state  of 
division  that  practically  all  of  it  will  pass  through  a  one  hundred 
mes*h  sieve.  There  is,  therefore,  very  little  true  grit  in  this  sec- 
tio'n.  It  should  be  remembered  in  this  connection  that  prac- 
tically all  soils  of  Hawaii  are  of  volcanic  origin,  and  it  seems 
that  in  this  district,  a  very  complete  disintegration  of  the  lava 
has  taken  place,  which,  in  some  places,  extends  to  a  depth  of 
thirty  feet  or  more. 

In  certain  other  pineapple  sections  of  Oahu,  particularly  near 
Pearl  City  and  Pupukea,  a  similar  condition  exists,  but  since 
there  is  a  larger  area  devoted  to  t'his  crop,  and  a  greater  extent 
of  black  soil  in  the  Wahiawa  district  than  in  other  sections  of 
the  Islands,  it  was  decided  to  undertake  this  investigation  ^^ 
Wahiawa.  Accordingly,  in  September,  1908,  two  extensive  se- 
ries of  fertilizer  plot  experiments  were  begun;  one  on  red  soil, 
and  one  on  black.    There  was  a  twofold  object  in  these  experi- 


1.    The  word  "type"  is  not  used  in  this  bulletin  in  its  usual  sense, 
but  rather  for  the  sake  of  brevity. 


ments, — first,  to  determine  the  fertilizer  requirements  of  pine- 
apples in  Hawaii;  second,  to  ascertain  the  cause  of  pineapple 
yellowing-  on  the  black  soil.  This  bulletin  deals  with  the  latter 
of  these  only. 

At  the  beginning  of  these  experiments,  a  number  of  samples 
of  soil  and  sub-soil  were  taken  from  various  oarts  of  the  dis- 
trict. About  one-half  of  these  were  from  the  black  soil,  where 
the  pines  were  very  yellow;  and  one-half  from  red  soil,  produc- 
ing good  pines.  The  samples  of  soil  were  taken  to  a  depth  of 
eig^ht  inches;  and  the  sub-soil  from  eight  inches  to  twenty  inches 
below  the  surface.  Each  of  fhese  samples  represents  a  compo- 
site, taken  from  not  less  than  six  different  places;  and,  there- 
fore, the  average  of  the  six  samples  of  each  type  may  be  looked 
upon  as  representing  not  less  than  thirty-six  different  places  in 
the  red  and  black  soils,  respectively.  In  the  following  table 
is  given  the  average  water-free  composition  of  the  two  types  as 
determined  by  the  methods  of  The  Associatio'n  of  Official  Agri- 
cultural Chemists. 

TABLE  I. 


Red  Red 

Average  Composition  of                    Soils  Sub-Soil 

Insoluble  matter   42.82%  41.42% 

Potash  (K2O) 59  .63 

Soda   (Na  2  0) 27  .25 

Lime  (CaO)   .36  .48 

Magnesia  (MgO)    39  .38 

Manganese  oxide  (Mn  3  O  4  ) . . .       .37  .20 

Ferric  oxide  (Fe2  03)    27.82  30.10 

Alumina  (Al  2 O3)     10.04  10.37 

Phosphorus  pentoxide  (P  2O5)     .08  .12 

Sulphur  trioxide  (S  0  3 ) H  .08 

Volatile  matter 15.14  13.74 

Titanium  oxide  (TiO  2  )..... .     2.01  2.49 

Total .....100.03  100.26 

Nitrogen   (N)    32  .24 

Acidity  (1) 1235  


Black 

Soils 

Black 

Sub-Soil 

35.26% 

37.73 

.91 

.87 

.31 

.41 

.97 

.58 

.47 

.41 

5.61 

4.90 

22.58 

22.96 

15.39 

17.20 

.27 

.16 

.17 

.06 

17.61 

13.67 

.88 

l.OS 

100.43 

100.03 

.37 

.20 

1-    Calculated  to  pounds  of  CaO  per  acre  foot. 


The  growers  at  Wahiawa  often  refer  to  their  black  soils  as 
being-  sour,  and  many  of  them  are  inclined  to  attribute  the  yel- 
low, dwarfed  appearance  of  the  crop  on  this  land  to  this  cause. 
Investigations,  in  other  countries  have  pointed  out  that  the 
pineapple  plant  is  very  sensitive  to  acidity^.  But  in  view  of  the 
fact  that  the  determination  of  acidity  in  these  soils  shows  the 
presence  of  much  less  actual  acidity  in  the  black  soil  than  in  the 
red  soils,  (see  table  above),  it  seems  that,  considering  this  factor 
only,  the  black  soils  should  be  the  more  productive  of  the  two. 
In  fact,  every  sample  of  the  black  soil  analyzed  contained  less 
acidity  than  any  of  the  red  soils,  and  furthermore,  some  of  the 
black  soils  tested  were  found  to  be  neutral.  It,  therefore, 
seems  reasonable  that  some  cause  other  than  acidity  is  bring- 
ing about  the  unfavorable  growth.  By  reference  to  the  pre- 
vious table,  the  black  soils  are  shown  to  contain  even  more  of 
the  so-called  plant  foods  than  the  red  soil,  and  in  this  connec- 
tion, it  is  especially  noteworthy  to  point  out  that  the  black  soil 
is  well  supplied  with  nitrogen,  phosphoric  acid  and  potash. 

It  is  well  known,  however,  that  the  usual  chemical  analysis 
of  a  soil  is  not  sufficient  to  determine  its  crop  producing  power; 
that  the  chemist  often  fails  to  recognize  certain  conditions  in 
the  soil,  which  have  great  influence  on  crops;  and  further,  that 
the  usual  chemical  anlysis  fails  to  indicate  the  availability  of 
the  elements  in  the  soil;  but  without  discussing  this  subject  fur- 
ther, it  is  sufficient  at  this  time  to  say  that  the  application  of 
liberal  amounts  of  various  high  grade  fertilirers.  in  conjunction 
with  good  tillage,  drainage,  etc.,  has  not  resulted  in  overcoming 
the  yellowing  of  pines  on  this  land. 

The  plots  of  black  soil,  to  which  the  Station  applied  nitrogen, 
phosphorus,  potassium  and  calcium  in  various  forms  and 
amounts  do  not  indicate  an  effectual  remedy  for  the  yellow- 
stunted  growth  of  pines  there.  Some  of  the  same  applications 
to  red  soil,  on  the  other  hand,  are  proving  higiily  satisfactory. 
What  then  is  the  cause  of  this  phenomenon? 

By  again  referring  to  the  previous  table,  one  striking  dififer- 
ence  in  the  composition  of  the  two  types  is  apparent,  namely,  in 
their  manganese  content.  In  order  to  bring  out  this  point  more 
forcibly,     the    following    table    is    submitted,     which    shows    the 


1.    Bill.  68,  Florida  Experiment  Station,  page  697. 


complete  analysis  of  the  soils  containing  the  maximum,  mini- 
mum and  average  percentages  of  manganese  oxide  found  in  each 
type. 


type. 

TABLE  II. 


BLACK  SOILS  RED  SOILS 

Max.  Aver,  Min.  Max.       Aver.         Min. 

Insoluble  matter 33.45%  35.26%  34.86%  39.07%  42.85%  44.00 

Potash  (K  2  0) 83  .91  1.06  .76  .59  .59 

Soda  (Na 2  0) 40  .31  .29  .33  .27  .29 

Lime(CaO) 1.39  .97  .36  .29  .36  .24 

Magnesia  (MgO) 54  .47  .40  .35  .39  .41 

Manganese  oxide  (Mn304)      9.74  5.61  3.91  .91  .37  .15 

Ferric  oxide  (Fe 2 0.3) 19.65  22.58  26.39  24.98  27.82  27.94 

Alumina  (AI2O3) 15.50  15.39  14.85  14.73  10.04  11.91 

Phosphorus  pentoxide 

(P2O5) 21  .27  .18  .10  .08  .03 

Sulphur  trioxide  (SO  8)..        .16  .17  .13  .17  .11  .11 

Volatile  matter 17.73  17.61  16.33  17.84  15.14  13.94 

Titanium  oxide  (Ti02)  ...        .73  .88  1.54  .23  2.01  .28 

Total 100.33     100.43     100.30     99.76   100.03     99.89 

Nitrogen  (N) 39  .37  .30  .34         .32         .29 

Since  the  above  analyses  were  made,  numerous  other  samples 
have  been  drawn  both  from  red  and  black  soil;  and  in  every 
instance,  the  samples  drawn  from  sections  where  the  pines  are 
yellow,  have  been  found  to  contain  large  amounts  of  manga- 
nese, whereas,  those  taken  from  the  red  soil,  on  which  thrifty 
pines  grow,  contain  little  of  this  element.  In  general,  the  black 
soils  contain  from  ten  to  fifty  times  as  much  maganese  as  the 
red  soils  1. 

All  the  samples  previously  referred  to  were  drawn  from  ex- 
tremes, that  is,  either  from  sections  which  produce  very  yellow- 
plants,  or  from  soils  producing  very  thrifty,  green  pines.  The 
yellow  and  green  areas  are  not  separated  by  sharp  lines  of  divi- 
sion, however,  but  rather  gradually  merge  the  one  into  the  other. 

)•  It  has  been  previously  pointed  out  that  some  Hawaiian  soils  con- 
tain large  amounts  of  manganese  (see  Press  Bulletin  No.  18,  this  Sta- 
tion); but  no  effort  has  been  made  to  correlate  yellowing  of  pine- 
apples with  the  occurrence  of  manganese  in  the  soil. 


There  is,  therefore,  an  intermediate  area  surrounding  the  yel- 
low spots  on  which  the  pines  show  the  yellowing  effect  to  a  lesser 
degree.  With  the  view  of  determining  whether  the  maganese 
likewise  decreases  in  passing  from  the  black  soil  to  the  red, 
several  series  of  samples  from  different  places,  were  drawn  at 
regular  distances  apart,  in  passing  from  the  black  to  the  red  soil. 
From  the  analysis  of  these  samples,  a  very  close  correlation 
between  the  yellow  color  of  the  pineapples  and  the  manganese 
content  of  the  soil  was  found  to  exist. 

The  following  table  will  show  the  percentages  of  the  oxide 
of  maganese  in  black,  intermediate  and  red  soils. 

TABLE  III. 

Black.        Intermediate.  Red. 

Manganese  oxide  (Mn  3 O4)     5.61  1.36  .37 

It  seems,  therefore,  that  some  correlation  exists  between  the 
yellowing  of  pineapples  and  the  amount  of  manganese  in  the  soil. 

According  to  Leclerc^,  manganese  is  an  almost  universal  con- 
stituent of  soils,  and  it  is  often  not  determined  in  soil  analysis 
for  the  reason  that  it  is  not  usually  regarded  as  a  necessary 
element  of  plant  food,  and  is  thought  to  have  little  or  no  econo- 
mic importance  in  crop  production.  Among  all  the  analyses, 
to  which  the  author  has  had  access,  none  have  been  reported 
that  contain  more  than  a  few  tenths  of  one  per  cent  of  MugO^. 

The  solubility  of  a  substance  in  the  soil,  however,  determines 
in  a  large  measure  its  influence  on  plant  growth.  Sodium,  for 
instance,  while  not  usually  considered  as  an  essential  to  plant 
growth,  when  present  in  the  form  of  a  soluble  salt,  is  known  to 
exert  a  marked  influence  on  crops.  Wheeler  and  Hartwell^,  at 
the  Rhode  Island  Experiment  Station,  have  shown  that  solu- 
ble sodium  compounds  may  even  partially  take  the  place  of  po- 
tassium in  the  development  of  certain  plants  and  in  certain  in- 
stances sodium  may  perform  a  physiological  function  in  the  de- 
velopment of  these  plants.  The  occurrence  of  large  amounts 
of  soluble  sodium  compounds  in  the  soil,  however,  is  known  to 
be  very  detrimental  to   the  growth   of  the  plant.     As  is   well 
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known,  sodium  and  potassium  are  closely  related  elements  and 
have  many  properties  in  common.  Maganese  and  iron  are  like- 
wise closely  related,  it  has  been  shown  that  when  certain  plants 
are  ^rown  in  culture  solutions  containing  very  small  amounts 
of  iron,  the  application  of  a  small  amount  of  soluble  manganese 
brings  about  new  vigor  and  increased  chlorophyi  production 
and  in  this  connection  the  solubility  of  the  maganese  and  iron 
in  the  black  soil  becomes  a  matter  of  interest.  The  chief  func- 
tion of  iron  in  plants  seems  to  be  connected  with  the  produc- 
tion of  chlorophyi,  and  since  the  general  appearance  of  the  yel- 
low pines  indicates  that  the  cholorphyl  has  been  affected  the 
possibility  of  some  influence  on  the  part  of  the  manganese  at 
once  suggests  itself.  In  this  connection,  Loew  and  Sawa  in 
commenting  oii  the  work  of  Birner  and  Lucanus  say:  'Tn  re- 
gard to  the  behavior  of  plants  toward  manganese  compounds 
but  few  experiments  have  been  made  and  these  show  that  man- 
ganese cannot  replace  the  related  iron  in  regard  to  the  produc- 
tion of  chlorophyi;  and  that  the  manganous  and  manganic  phos- 
phate suspended  in  culture  solution  can  exert  an  injurious  ef- 
fect." 1 

With  the  view  of  determining  the  solubility  of  the  manganese 
and  iron,  a  number  of  samples  of  both  red  and  black  soils  were 
extracted  with  a  one-per  cent  solution  of  citric  acid.  In  this 
determination,  200  grams  of  air-dried  soil,  were  treated  with 
2000  cc  of  one  per  cent  citric  acid  for  forty-eight  hours,  with  occa- 
sional shaking.  At  the  end  of  this  time  the  solution  was  filter- 
ed, and  the  iron  and  manganese  determined  in  the  filtrate.  The 
following  table  will  show  the  results,  expressed  in  percentages 
of  air-dried  soil  :  ^ 

TABLE  IV. 

Black  Soil.  Red  Soil. 

Mn304 733%  .028% 

Fe203    243  .379 

Estimating  that  an  acre  foot  of  this  soil  weighs  about  3,500,- 
^XKD  pounds,  we  find  that  the  black  soil  contains,  on  an  average, 
about  23,755  pounds  of  citrate  soluble  mangano-manganic  oxide 

1-     Bui.  of  the  College  of  Agric.  Tokio  Imp.  Univ.,  Vol.  5,  No.  2,  p.  162. 
2.    Average  of  the  determination  in  six  samples. 


per  acre  foot,  while  the  red  soil  is  found  to  contain  only  980 
pounds  in  the  same  area.  It  would,  therefore,  be  extremely 
surprising-  if  this  large  amount  of  soluble  manganese  were  with- 
out influence  in  the  soil.  It  is  sufficient  here  to  point  out  the 
relations  between  the  citrate  soluble  iron  and  manganese  in  the 
soil.  From  the  table  it  is  shown  that  these  stand  in  inverse 
proportions. 

In  the  strong  acid  digestion  of  the  black  soils,  it  was  noticed 
that  considerable  frothing  or  effervescence  developed  upon 
slightly  heating  the  same,  and  subsequently,  this  was  found  to 
be  due  to  the  escape  of  chlorine  gas.  Numerous  samples  liave 
been  treated  with  hydrochloric  acid,  and  in  every  instance,  the 
black  soils  have  been  found  to  liberate  large  quantities  of  chlor- 
ine; the  red  soils  do  not  possess  this  power. 

In  the  determination  of  volatile  combustible  matter,  it  was  also 
observed  that  after  heating  the  black  soil  just  below  redness  foi- 
ftome  hours  the  sample  still  retained  some  of  its  dark  color;  but 
upon  subsequent  stronger  heating,  further  loss  in  weight  oc- 
curred and  the  soil  took  on  a  dark  brown  color.  From  these 
facts,  it  seems  likely  that  at  least  a  part  of  the  manganese  in 
the  black  soil  exists  in  the  form  of  higher  oxides.  The  black 
color  and  the  liberation  of  chlorine  gas  suggest  the  presence  of 
manganese  dioxide,  or  of  sesquioxide  of  manganese.  ^  It  is,  of 
course,  likely  that  the  dark  color  is  caused  in  part,  at  least  by 
organic  matter. 

It  is  reported  that  in  some  of  these  fields  the  first  crop  of 
pines,  on  virgin  soil,  showed  but  Httle  yellow  color  during  the 
first  twelve  months  of  their  growth.  Later,  however,  these 
plants  became  very  yellow  and  almost  ceased  to  grow.  With 
the  continued  growth  of  pines  on.  this  soil,  its  color  also  seems 
to  become  darker.  A  number  of  the  yellow  plants  were  pulled 
up  and  it  was  found  that  the  soil  adhering  to  the  larger  roots 
was  darker  in  color  than  the  general  soil.  Aso  reports  that 
wheat  grown  in  solutions  containing  a  small  amount  of  man- 
ganous  sulphate  was  found  to  contain  manganese  dioxide  ad- 
hering to  the  roots.  2  These  facts,  together  with  the  observation 
that  the  cultivation  of  pines  on  this  soil  renders  it  less  adapted 


1.  See  "Soils"  by  Hilgard,  p.  283. 

2.  Bulletin  of  the  College  of  Agriculture,  Tokio  Imperial  University, 
Vol.  V,  No.  2,  page  183. 


to  the  crop,  indicates  that  there  is  some  change  brought  about 
in  the  soil,  by  the  crop  itself;  and  since  the  soil  of  this  entire 
section  has  arisen  from  the  disintegration  of  lava,  which,  in  its 
original  state  could  not  have  contained  either  of  the  black  oxides 
of  manganese,  it  seems  reasonable  that  in  the  growth  of  pines 
a  change  in  the  state  of  oxidation  of  the  manganese  takes  place. 

In  connection  with  the  investigation  of  the  soil,  a  study  of 
the  yellow  plants  has  also  been  undertaken.  It  was  formerly 
believed  that  the  etiolated  appearance  of  the  pines  was  caused 
by  some  pathological  or  entomological  infestation;  but  as  yet  all 
efforts  to  determine  such  infestation  have  proven  fruitless.  No 
insect  or  fungus,  which  is  known  to  produce  this  phenomenon, 
has  been  found  on  these  plants  The  root  system  of  the  yellow 
plants  was  found  to  be  dwarfed  and  much  less  extensive  than 
that  of  vigorous,  green  plants.  In  many  instances,  the  roots 
are  covered  with  a  black  coat,  and  have  but  little  indication  of 
life.  The  yellow  plants  possess  but  few  root  hairs.  The  healthy 
green  pines  on  the  contrary  have  a  very  extensive  root  system, 
sometimes  reaching  out  to  a  distance  of  several  feet  from  the 
plant. 

Some  analyses  of  the  ash  from  both  the  green  and  yellow  plants 
have  been  made,  and  while  a  sufficiently  large  number  of  plants 
have  not  been  analyzed  to  warrant  positive  conclusions,  it  seems 
that  the  entire  metabolism  of  the  yellow  plants  has  been  dis- 
turbed. A  number  of  young  plants,  about  four  months  old,  taken 
from  both  red  and  black  soils,  and  also  an  equal  number  of 
plants  two  years  old,  were  examined.  A  composite  sample, 
made  up  of  an  equal  number  of  leaves  from  the  same  portion  of 
these  plants,  was  analyzed.  In  the  following  table  the  percen- 
tages of  manganese  oxide  in  the  ash  of  these  plants  is  given: 

TABLE  V. 

Yellow  Pines.      Yellow  Pines.      Green  Pines      Green  Pines, 
(4  months  old)    (2  years  old)     (4  months  old)     (2  years  old) 
^^'^:^04 2.12%  1.15%  1.65%  1.68% 

In  consideration  of  the  very  large  percentage  of  easily  solu- 
ble manganese  in  this  soil  it  is  rather  surprising  that  a  higher 
percentage  of  this  element  is  not  found  in  the  pineapples  grown 
^iiereon,  especially,  since  it  is  generally  considered,  that,  in  the 
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presence  of  soluble  substances,  plants  have  the  power  of  taking 
up  these  substances  in  considerable  amounts.  It  is  mteresting 
here  to  note  the  smaller  percentage  of  manganese  in  the  ash 
of  the  yellow  plants  two  years  old,  than  is  found  in  ^he  younger 
pines.  In  the  case  of  green  plants,  the  ash  is  found  to  contain 
about  the  same  percentage  of  manganese  in  each  of  the  two 
stages.  In  this  connection,  other  investigators  have  found  that 
many  other  plants  contain  notable  amounts  of  manganese. 
Schroder,  for  instance,  found  in  the  ash  of  the  leaves  of  the 
Norway  spruce  35.53%  MngO^.  1 

The  fact  that  the  ash  of  other  plants,  sucii  as  wheat,  barley, 
etc.,  grown  under  normal  conditions,  contains  not  only  a  higher 
percentage  of  nitrogen  and  potash,  but  also  more  of  these  sub- 
stances in  actual  pounds,  during  the  advanced  growing  period, 
than  at  maturity,  has  been  pointed  out  by  several  investigators. 
In  a  very  exhaustive  investigation  of  this  subject,  Wilfarth  and 
Romer^  at  the  Ducal  Experiment  Station,  have  shown  that  the 
decrease  of  the  actual  total  nitrogen  and  potash  in  wheat  and 
barley,  as  they  pass  from  the  growing  stage  into  maturity,  can 
be  explained  in  no  other  way  than  that  these  substances 
are  actually  returned  to  the  soil.  These  inevstigators  found 
that  of  the  potash  in  wheat  and  barley  at  the  time  of  flowering 
only  58.87%  of  that  in  the  former,  and  64.97%  in  the  latter 
remained  at  maturity;  and  while  it  is  true  that  potash  is  neces- 
sary to  plant  growth,  and  manganese  is  not  usually  so  consid- 
ered, the  suggested  analogy  in  the  two  cases  is  none  the  less 
interesting. 

Manganese,  when  applied  in  small  quantities,  has  been  shown 
by  several  workers  to  produce  the  effect  of  stimulation.  Nagaoka'*^ 
at  the  Tokio  Imperial  University,  effected  an  increase  in  the 
yield  of  rice  to  the  extent  of  37%  by  the  application  of  yy  kilos 
of  manganous  sulphate  per  hectar.  At  the  Woburn  Experi- 
ment station,  the  stimulating  power  of  manganese  on  wheat  and 


1.  Cited  from  the  Bui.,  College  of  Agric,  Tokio  Imp.  Uni.,  Vol.  V, 
No.  2,  p.  161. 

2.  Researches  of  the  Ducal  Agric.  Expt.  Station,  on  The  Assimilation 
of  the  Elements  of  Nutrition  by  Plants  During  Different  Periods  of 
Their  Growth.  Die  landwirtschschaftiichen,  Versuchsstationen,  Vol.  63, 
1905. 

3.  BuL,  College  of  Agric,  Tokio  Imp.  University,  Vol.  VII,  No.  1. 
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other  crops  has  also  been  determined;  and  other  investigators 
have  fouiid  that  smaU  amounts  of  various  manganese  com- 
pounds produce  the  same  effect.  The  fact,  however,  that  small 
quantities  of  a  substance  exert  a  stimulating  effect  does  not 
necessarily  imply  that  larger  quantities  would  be  beneficial.  In 
the  animal  organism,  for  instance,  a  small  amount  of  alcohol  is 
known  to  produce  the  effect  of  stimulation,  whereas  larger 
amounts  have  a  depressing  effect.  The  same  may  be  said  of 
ether  and  chloroform.  With  plants,  there  are  several  well  known 
examples  of  the  same  condition.  Katayama  ^  and  others  have 
shown  that  ferrous  sulphate  in  small  quantities  produces  a  sti- 
mulation of  certain  plants;  and  whether  or  not  this  is  brought 
about  by  bringing  into  solution  some  of  the  dormant  bases  of 
the  soil,  larger  quantities  of  the  same  substance  are  often  referred 
to  as  actually  poisonous  to  the  plants.  ^  Sutherst'"^  has  shown  that 
the  application  of  small  amounts  of  various  manganese  com- 
pounds, including  the  dioxide,  has  a  stimulating  effect  on  maize, 
but  he  points  to  the  work  of  Salamone  as  indicating  that  larger 
amounts  of  these  substances  are  detrimental. 

The  question  of  how  these  substances  produce  stimulation,  in 
small  quantities,  and  a  depressing  effect,  when  present  in  large 
quantities,  is  not  thoroughly  understood;  but  that  such  is  the 
case,  is  generally  accepted.  Aso  ^  for  instance,  has  shown  that 
a  given  amount  of  manganese  may  produce  stimulation  of  rice, 
whereas  the  same  amount  of  this  element,  when  applied  to 
wheat  and  barley,  may,  under  certain  conditions,  result  in  de- 
creased vigor  and  the  development  of  a  yellow  color  in  the  pl'ant. 
This  author  has  further  pointed  out  that  the  depressing  effect 
of  such  applications  of  manganese  is  usually  more  marked  in 
cold  weather  than  in  warm;  and  with  the  return  of  warm  wea- 
ther, in  some  instances,  these  plants  were  able  to  entirely  over- 
come the  stunted  growth  and  yellow  color. 

1.  Bill.  College  of  Agric,  Tokio  Imperial  University,  Vol.  VII,  No.  I. 

2.  "Agriculture"  by  Storer,  Vol.  I,  p.  216. 

3-  "Manganese  Compounds  as  Fertilizers  for  Maize,"  The  Transvaal 
Agric.  Journal.     Vol.  VI,  No.  23. 

4.  Bui.  College  of  Agric,  Tokio  Imperial  University,  Vol.  V,  No.  2, 
J'P-  177-185. 
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We  find  a  parallel  condition  at  Wahiawa,  where  the  pine- 
apples on  soi-s  which  contain  an  intermediate  quantity  of  man- 
ganese, have  been  repeatedly  observed  to  become  decidedly  yel- 
low during  the  winter  months;  but  such  plants  sometimes  en- 
tirely overcome  this  condition  with  the  return  of  warm  weather. 
It  should  be  mentioned  in  this  connection  that  sugar-cane  grows 
exceedingly  well  on  these  manganese  soils,  where  the  pineapples 
refuse  to  grow. 

Bertrand  ^  some  years  ago,  found  that  the  ash  of  oxidizing 
enzymes  contains  considerable  amounts  of  manganese,  and  that 
the  addition  of  soluble  manganese  salts  to  the  oxidase  greatly 
accelerated  their  oxygen  carrying  power.  Woods  ^  has  shown 
that  the  yellow  spots,  which  sometimes  occur  on  leaves  of  cer- 
tain plants,  have  a  greater  oxidizing  power  than  the  green  parts 
of  the  same  plant.  In  seeking  an  explanation  of  the  yellow 
color  produced  by  the  application  of  manganese  sulphate  to  bar- 
ley, Loew  and  Sawa  found  that  such  plants  are  more  vigorous 
oxidizing  agents  than  those  not  treated  with  manganese.  Sum- 
marizing these  effects,  they  say:  ''Manganese  exerts^  in  mod- 
erate quantity,  an  injurious  action  on  plants,  consisting  in  the 
bleaching  out  of  the  chlorophyl.  The  juices  of  such  plants  show 
more  intense  reactions  for  oxidase  and  peroxidase  than  the 
healthy  control  plants.  Manganese  exerts  further  a  promoting 
effect  on  the  development,  still  observable  in  high  dilution,  w'hile 
the  injurious  effects  disappear  under  this  condition.  It  is  prob- 
ably that  soils  of  great  natural  fertility  contain  manganese  in 
an  easily  absorbable  condition,  and  this  forms  one  of  the  char- 
acteristies  of  such  soils."  ^ 

With  the  view  of  ascertaining  whether  yellow  pineapple  plants 
are  more  vigorous  oxidizing  agents  than  the  green  plants,  a 
small  portion  of  both  yellow  and  green  leaves  were  macerated 
with  crushed  glass,  allowed  to  stand  about  an  hour,  and  the  ex- 


1.  Compt.  rend.  Vol.  124,  Page  1032. 

2.  Abstracted  in  E.  S.  R.  Vol.  XII,  p.  216. 

3.  Bulletin,  College  of  Agriculture,  Tokio  Imperial  University,  Vol. 
V,  No.  2,  p.  172. 
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tract  was  tested  for  oxidase,  using  the  giiiaciim  and  aloin  tests; 
the  following  table  will  show  the  results : 

TABLE  VI. 

Guiacum  Aloln. 

Yellow  leaves  Deep  blue.  Rose  red. 

Green  leaves  Pale  blue.  Faint  red. 

It  is  thus  shown  that  the  plants  grown  on  the  soil  containing 
high  percentages  of  manganese,  contain  a  more  active  oxidase 
than  plants  from  soil  containing  little  manganese;  and  whether 
the  increased  activity  of  the  oxidase  in  the  yellow  plants  brings 
about  their  etiolated  appearance,  by  the  actual  oxidation  of  the 
chlorophyl,  or  for  other  reasons,  cannot  be  positively  stated  at 
this  time.  An  examination  under  the  high  power  miscroscope 
of  the  cross-section  of  the  yellow  leaves,  shows,  however,  that 
for  the  most  part  the  chlorophyl  bodies  have  been  entirely  de- 
stroyed. Further  investigation  it  is  hoped  will  throw  more  light 
on  this  subject. 

SUMMARY  AND  CONCLUSIONS. 

1.  Some  of  the  pineapple  soils  of  Hawaii  contain  black  spots 
on  which  pineapples  do  not  grow  successfully. 

2.  The  application  of  fertilizers  and  lime  in  conjunction  with 
good  tillage  and  drainage,  has  not  resulted  in  effectually  overcom- 
ing the  yellow  appearance  of  the  pines  on  black  soil. 

3-  The  black  soils  contain  less  acidity  than  the  red  soils. 

4-  There  is  but  one  important  difference  in  the  chemical 
composition  of  these  soils,  viz.,  in  regard  to  the  manganese 
content.  The  black  soils  contains  many  times  as  much  man- 
ganese as  the  red  soil. 

5-  The  black  color  of  these  areas  may  in  part  be  attributed 
to  the  presence  of  higher  oxides  of  manganese. 

6  There  is  a  close  correlation  between  the  degree  of  yellow- 
'"g  of  the  pines  and  the  percentage  of  manganese  in  the  soil. 
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7-  Yellow  pines  from  soils  containing  a  high  percentage  of 
manganese  are  more  active  oxidizing  agents  than  green  plants 
from  red  soil. 

8.  The  yellow  pines  have  a  poor  root  system  and  contain  but 
little  chlorophyl. 

9.  As  yet  no  positive  remedy  for  this  condition  has  been 
worked  out.  It  seems  wise  to  try  other  crops  on  the  black  soil, 
especially  since  sugar-cane  grows  well  on  the  black  soil. 

This  investigation  is  being  continued  along  the  lines  suggest- 
ed in  the  body  of  this  bulletin.  Acknowledgments  are  due  Miss 
Alice  R.  Thompson,  Assistant  chemist,  for  assistance  in  this 
work.  A  large  part  of  the  analytical  work  was  done  by  her, 
and  many  valuable  suggestions  were  ofifered  from  time  to  time. 
Also  to  Doctor  E.  V.  Wilcox  for  the  microscopic  examination 
of  these  plants,  and  for  many  very  valuable  suggestions.  Thanks 
are  also  due  the  pineapple  growers  at  Wahiawa  for  cooperation 
in  this  work. 


Hawaii  Agricultural  Experiment  Station, 


MONOUUUU. 


E.  V.  WILCOX,  Special  Agent  in  Charge. 


RRBSS    BUULETTIIV    IVO.   JLA. 


A  Preliminary  Report  on  Cotton 
Experiments. 

By  F.  G.  KRAUSS. 

Expert    in    Agriculture,    Hawaii    Experiment    Station,    United 
States  Department  of  Agriculture. 


The  Hawaii  Experiment  Station  has  in  progress  investiga- 
tions in  the  culture  of  cotton,  of  which  this  bulletin  is  a  first  re- 
port. Nine  varieties  or  strains,  representing  three  distinct  class- 
es, are  under  comparative  test  for  yield,  quality  of  lint,  habits  of 
growth  and  methods  of  culture.  Considerable  attention  is  be- 
ing given  to  the  selection  of  superior  individual  specimens,  with 
a  view  to  securing  desirable  mother  plants  from  which  to  breed 
pure  strains.  It  is  believed  that  a  method  of  propagation  has 
been  devised  whereby  the  qualities  of  an  individual  plant  may  be 
perpetuated.  Owing  to  the  tendency  of  cotton  to  cross-fertilize, 
plants  propagated  by  seed  show  more  or  less  variability  and  any 
scheme  which  will  tend  to  establish  a  uniform  strain  should 
prove  a  distinct  aid  in  cotton  breeding. 

A  systematic  pruning  experiment  was  begun  as  soon  as  the  first 
crop  was  harvested,  the  general  culture  project  including  the  test 

Hawaii  has  exceptionally  fine  climatic  conditions  for  cotton.  The  in- 
creasing demand  for  cotton  in  the  world's  markets  puts  upon  us  the 
(luty  of  adding  to  the  supply.  To  grow  the  best  cotton  requires  care- 
ful selection  of  seed.  This  cannot  he  done  in  the  nurseries  without 
danger  of  hybridzation.  Fortunately,  the  effects  of  crossing  can  be 
easily  avoided  by  the  propagation  of  selected  plants  through  cuttings. 
The  present  bulletin  contains  the  first  published  account  of  this  method 
as  applied  to  cotton.  By  its  use  the  cotton  breeder  will  be  able  to  ac- 
complish results  without  danger  of  the  mixing  of  strains  by  cross-ferti- 
Hzation.— E.  V.  Wilcox. 
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of  varieties  as  a  perennial  crop.  In  addition  to  the  experiments 
conducted  on  the  Station  grounds,  which  are  here  reported  in 
full,  several  cooperative  experiments  were  conducted  with  in- 
terested parties  in  different  parts  of  Oahu,  the  results  of  which 
are  only  briefly  recorded.  Beginning  with  the  present  year, 
two  carefully  planned  experiments  on  a  large  scale  were  imder- 
taken  with  private  parties  cooperatively,  the  Station  supplying 
the  seed,  fertilizers  and  supervision. 

That  much  local  interest  is  being  taken  in  cotton  culture  is  at- 
tested by  the  application  for  seed  and  information,  which  has 
taxed  the  Station  to  the  utmost.  Seed  has  been  distributed  to 
about  fifty  applicants,  representing  many  sections  throughout 
the  islands.  Altogether,  seed  sufficient  to  plant  about  200  acres 
has  been  distributed  within  the  last  twelve  months  and  it  is  safe 
to  say  that  at  least  100  acres  are  planted  to  cotton  at  this  time. 
While  definite  conclusions  cannot  be  drawn  from  a  single  set  of 
experiments,  the  present  data  may  indicate  some  of  the  possi- 
bilities of  cotton  growing  in  Hawaii. 

VARIETY  TESTS. 

Table  I  summarizes  the  results  of  the  first  year's  comparative 
test  of  varieties.  The  Sea  Island  type  of  cotton  is  characterized 
by  its  long,  strong,  silky  staple  especially  adapted  to  the  manu- 
facture of  fine  threads  and  mercerized  goods.  It  brings  the 
highest  price  of  all  cottons,  ranging  from  20  to  50  cents  a  pound, 
according  to  quality  and  supply.  The  demand  is  said  to  be  con- 
stantly increasing,  and  while  the  market  for  the  choicest  grades 
at  the  highest  prices  is  now  rather  limited,  it  does  not  seem  like- 
ly that  the  amount  that  may  be  grown  in  Hawaii  can  material- 
ly affect  the  market. 

As  will  be  seen  by  referring  to  Table  I,  seed  sown  March  9th- 
30th,  produced  a  first  picking  August  8th ;  a  second,  September 
14th;  and  a  third,  on  October  12th.  The  Florida  strain  yielded 
at  the  rate  of  1322  pounds  seed  cotton  per  acre,  equivalent  to  409 
pounds  lint,  or  thirty-one  per  cent.  The  Georgia  strain  pro- 
duced at  the  rate  of  2270  pounds  seed  cotton,  yielding  31  per  cent 
fiber,  or  an  equivalent"  of  703  pounds  lint  per  acre.  It  should 
be  noted  that  the  first  picking  gave  by  far  the  largest  yield,  main- 


ly  because  subsequent  pickings  became  infested  with  the  boll- 
worm.  The  quality  of  the  lint,  the  weights  of  which  are  record- 
ed, was  very  choice,  ranging  from  i  1-2  to  2  inches  in  length  and 
of  good  color  and  strength.  Aside  from  that  grown  at  the  Station, 
an  especially  fine  sample  of  lint  was  grown  at  Hauula  from  the 
same  stock  of  seed.  Concerning  its  culture  the  grower  writes, 
under  date  of  O'ctober  19,  1908,  as  follows:  'The  seeds  were 
planted  last  April,  on  the  edge  of  a  marsh.  The  cotton  sent  you 
(13  1-4  pounds  seed-cotton)  is  from  about  forty  plants  growing 
from  six  to  eight  inches  apart  and  about  six  feet  high.  Much  of 
the  cotton  was  lost  owing  to  the  wind,  and  its  late  picking."  This 
little  test  represents  a  very  high  yield,  an  average  of  five  ounces 
per  plant,  from  one  picking,  with  plants  set  less  than  one  foot 
apart.  Another  lot,  grown  at  Waialee,  gave  similar  results.  A 
large  area  of  land  of  this  type  is  available  for  cotton  culture. 

Four  different  samples,  submitted  to  D.  N.  Shoemaker,  cot- 
ton expert,  of  the  U.  S.  Department  of  Agriculture  at  Wash- 
ington were  rated  as  follows : 

"Sample  E*-— Sea  Island,  (unginnedl) ,  Florida  Strain. 
Color,  white 

Length,  1  1-2—1  7-8  inches 
Strength,  good 
Drag,  good 

Covering  of  seed,  good  for  Sea  Island 
Uniformity  of  lint,  fair." 
"Sample  Ff-^Sea  Island,  Georgia  Strain. 
Color,  white, 

Length,  1  1-2—1  7-8  inches 
Strength,  good 
Drag,  good 

Covering  of  seed,  good 
Uniformity,  good." 
The  A.  P^  Brantley  Company  reported  as  follows:    "We  should  say 
that  sample  H$  has  staple  quite    two  inches  in    length,  and  is    very 
strong,  fine  cotton.    We  consider  sample  Gr*  to  have  staple  1  3-4  to  1  7-8 
inches  in  length  and  is  also  fine  and  strong. 

"We  do  not  think  there  is  any  Georgia  or  Florida  cotton  in  this  crop 
to  compare  with  this  cotton.  We  should  think  that  it  would  class  more 
nearly  with  Fine  or  Extra  Fine  Islands.  We  notice  that  these  two 
grades  are  quoted  in  Charleston,  S.  C,  at  22  and  24  cents. 

"It  is  quite  diflGlcult  to  estimate  the  value  of  this  cotton,  because  it  is 
in  a  class  by  itselt" 


*  Station  Test  No.  100 
t    Station  Test  No.  101. 

t    Hauula  cooperative  experiment. 

*  Waialee  cooperative  experiment. 


Samples  were  likewise  submitted  to  the  cotton  factors'  asso- 
ciation of  Bremen,  Germany,  who  made  a  most  extended  and 
favorable  report,  quoting  30  to  34  cents  per  pound  for  lots  of 
sufficient  quantity.  Other  reports  have  been  similarly  favor- 
able and  it  would  appear  that  there  is  an  active  demand  for  this 
quality  of  cotton  at  good  prices.  Compared  with  the  yields, 
obtained  in  the  Sea  Island  belt,  the  Station  experimental  yields, 
based  on  one-tenth  acre  plots,  as  well  as  those  of  smaller  lots 
grown  cooperatively,  were  very  satisfactory.  Authorities  are 
also  unanimous  as  to  high  quality  of  the  fiber.  It  would  appear 
that  the  samples  grown  on  the  windward  side  of  the  island  direct- 
ly facing  the  sea,  have  better  conditions  for  producing  the  de- 
sirable qualities  of  length,  fineness  and  strength  of  fiber. 

The  bolls  of  Sea  Island  cotton  are  small  as  compared  with 
those  of  other  types,  averaging  about  102  to  the  pound,  which, 
together  with  the  rather  tenacious  grasp  in  which  the  cotton  is 
held,  increases  the  cost  of  picking  over  that  of  other  sorts.  From 
50  to  60  pounds  of  seed  cotton  per  day  was  the  maximum 
amount  picked  by  a  fairly  active  Japanese  laborer,  or,  at  the  rate 
of  about  five  cents  per  pound  for  lint.  Experienced  pickers 
could  doubtlessly  do  much  better. 

At  this  writing  (March  30,  1909),  the  second  year's  crop  is 
v/ell  under  way.  Squares  are  forming  in  great  profusion,  and  it 
is  believed  that  the  yield  will  average  50  per  cent  greater  than 
that  from  the  first  year  plants.  After  the  third  and  final  picking 
of  the  crop,  in  October  1908,  seven  months  from  seeding,  the 
pruning  experiment  was  begun  in  accordance  with  the  following 
plan :  Series  I,  plants  cut  back  immediately  after  final  picking, 
October  12th,  prunings  burned  to  destroy  infested  bolls ;  Series 
11,  Plants  cut  back  immediately  following  December  rains ;  Se- 
ries III,  Plants  cut  back  January  2,  1909;  Series  IV,  Plants  not 
pruned.  Two  types  of  pruning  were  adhered  to  under  each  se- 
I'ies.  In  one  type,  the  plants  were  cut  back  to  within  threo  or 
four  inches  of  the  ground,  which  is  designated  as  type  *'A ;"  and 
in  the  other,  the  plants  were  pruned  back  to  12-20  inches,  or 
equivalent  to  one-third  to  one-half  their  original  growth,  which 
has  been  designated  as  type  "B.''  No  laterals  were  permitted 
on  the  low  pruned  plants  but  spurs  bearing  two  to  four  buds 
were  maintained  on  the  long  pruned  canes,  if  they  were  well 
located. 


Most  of  tho  plants  had  shed  the  greater  part  of  their  leaves 
during  the  dry  period  following  the  last  picking  in  October,  and 
in  consequence,  remained  quite  dormant  up  to  the  first  rains  in 
December.  However,  the  plants  pruned  immediately  after  har- 
vest, especially  those  pruned  low,  were  forced  into  fairly  active 
growth  almost  immediately  after  being  cut  back.  The  different 
periods  and  types  of  pruning,  together  with  the  dry  and  wet  sea- 
sons, are  means  for  controlling  the  resting  period  of  the  plant, 
and  within  certain  limits,  the  subsequent  fruiting  period  and  har- 
vest of  the  crop.  Thus,  as  was  to  be  expected,  drought  and 
noninterference  brought  about  partial  dormancy,  while  on  the 
other  hand,  pruning,  irrigation  and  cultivation  stirred  the  plant 
to  renewed  activity,  apparently  in  direct  ratio  to  the  degree  and 
sequence  in  which  the  several  influencing  factors  were  applied. 
The  most  marked  res,ults  followed  a  combination  of  all  the  con- 
ditions named. 

So  far  as  these  factors  can  be  controlled,  they  will  aid  the 
grower  in  securing  the  strongest  and  most  uniform  plants ;  in 
determining  the  best  seasons  for  maturity,  from  the  standpoint 
of  labor  and  prices ;  in  the  control  of  insect  pests  and  dis- 
eases;  and  in  obtaining  the  quality  and  quantity  of  product, 
which  will  determine  success  or  failure. 

From  present  indications,  the  best  growth  is  secured  from 
low  pruning  in  January.  Plants  so  treated  are  making  the 
strongest  and  most  uniform  growth  of  wood,  and  appear  to  be 
the  most  prolific.  Their  season  of  ripening  should  prove  much 
more  favorable  than  that  of  plants  pruned  in  October.  The  lat- 
ter already  show  an  occasional  mature  boll,  as  well  as  great  irre- 
gularity in  fruiting  when  pruned  high.  It  should  be  remem- 
bered that  the  foregoing  applies  primarily,  if  not  entirely,  to  the 
Sea  Island  cotton. 

The  qualities  to  be  sought  in  Sea  Island  cotton  are  long  lint 
(i  3-4  inch  or  longer),  uniform  staple,  strength  and  drag  of  fiber, 
high  percentage  of  lint,  lustrous  cream-white  color,  fineness, 
productiveness,  well  formed  plants,  long  medium-large  well  filled 
bolls,  and  resistance  to  disease. 

There  is  every  indication  that  Sea  Island  cotton  will  adapt  it- 
self to  culture  as  a  perennial.  The  plants  on  the  Station  grounds 
are  entering  their  second  year  in  promising  conditon.     An*i 


as  is  well  known,  many  stray  specimens  in  the  islands  are  five  or 
more  years  old  and  still  flourishing-.  A  limited  amount  of  Sta- 
tion grown  seed  is  available  for  distribution. 

Test  No.  1 02  deals  with  an  upland  type  of  cotton  of  Chinese 
origin.  The  seed  was  procured  from  Mr.  Ah  Ai,  to  whom  it  was 
sdnt  from  China  as  of  exceptional  quality.  The  fiber  is  said  to 
be  used  entirely  for  mixture  with  wool,  and  it  is  claimed,  com- 
mands a  ready  sale  at  prices  equivalent  to  about  40  cents  Ameri- 
can currency.  As  will  be  seen  by  referring  to  Table  I  this  cotton 
gave  the  heaviest  yield  per  plant  of  all  varieties  tested,  sixteen 
plants  approximating  an  average  yield  of  one  pound  seed  cot- 
ton per  plant,  equivalent  to  11 50  pounds  of  lint  cotton  per  acre, 
if  planted  2  1-2  by  5  feet  apart. 

The  plants  are  dwarf  as  compared  with  the  Sea  Island  type, 
of  broad  base  and  pyramidal  form ;  very  compact  and  of  uniform 
growth ;  fruiting  limbs  branch  frequently  and  occur  at  close  in- 
tervals. The  plant  is  an  extremely  prolific  and  continuous  bear- 
er. As  grown  at  the  Station  during  the  past  year,  the  plants 
were  slower  in  maturing  than  the  Sea  Island,  the  first  picking  be- 
ing made  September  12th.  An  average  of  nearly  50  mature 
bolls  per  plant  presented  themselves  at  one  time. 

The  locks  were  very  easily  picked  and  showed  some  inclina- 
tion to  shed  when  left  too  long.  Nearly  twice  as  much  of  this 
cotton  could  be  picked  in  a  given  time  as  of  Sea  Island,  the  bolls 
in  addition  being  somewhat  larger  and  more  easily  reached.  The 
percentage  of  lint  to  seed  is  larger  than  in  Sea  Island,  averaging 
34.5  per  cent,  but  the  fiber  bears  no  comparison  in  length. 

Concerning  samples  of  lint  of  this  variety  submitted  to  Mr. 
Shoemaker,  who  judged  the  Sea  Island  samples,  we  have  the 
following*  report : 

*'Color^  white 
Length,  7-8  inches 
Strength,  good 
Drag,  fair 

Covering  of  seed,  fairly  heavy 
Uniformity  of  lint,  good." 

'Tt  would  grade  as  Very  fair  American  Upland  in  length.'' 
The  Chinese    are  said  to    claim    for  it    unusual    qualities  of 
''warmth  and  feel,''  and  because  of  these  qualities,  it  is  termed 
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'*fire"  cotton,  and  should  the  demand  and  prices  be  satis- 
factory this  variety  may  prove  of  special  value  in  certain  local- 
ities where  Sea  Island  does  not  thrive.  It  seems  drought  re- 
sisting, and  is  believed  to  be  hardy.  The  plant  does  not  seem  to 
be  as  well  adapted  to  perennial  culture  as  Sea  Island,  a  number 
of  the  plants  dying  at  the  end  of  the  first  season.  Several  of  the 
pruned  plants,  however,  are  making  a  fairly  vigorous  growth 
and  may  in  time  acquire  the  habit  of  persisting  from  yaar  to 
year.  The  same  general  scheme  of  pruning  as  applied  to  the 
Sea  Island  cotton  was  adopted  for  this  variety,  but  the  limited 
number  of  plants  available  makes  conclusions  uncertain  at  this 
time.  Samples  of  lint  have  been  submitted  to  cotton  factors  in 
China  and  reports  will  be  given  to  the  press.  A  limited  amount 
of  selected  seed  is  available  for  distribution. 

The  Caravonica  cottons  (tests  Nos.  106-108),  were  grown  from 
seed  received  from  the  originator  in  Queensland  in  1905,  by  Mr. 
William  M.  Langton,  who  passed  it  on  to  the  Station  for  trial. 
The  seed  ^as  sown  in  July  and  is  probably  the  first  Caravonica 
cotton  grown  in  Hawaii.  Caravonica  ''wool,"  (test  No.  104), 
and  Caravonica  "silk"  (test  No.  105),  were  grown  from  seed 
secured  by  Mr.  E.  W.  Jordan  from  the  originator  in  1907. 

The  Caravonica  class  of  cottons  are  of  a  comparatively  new 
type,  of  hybrid  origin,  one  of  the  parents  unquestionably  being 
the  Sea  Island  with  a  probable  admixture  of  the  arborescent  kid- 
ney type.  The  three  strains  designated  by  the  originator  as 
"wool,"  "silk"  and  "kidney"  are  characterized  by  their  large,  up- 
right growth  which  assumes  a  tree  form  after  the  second  year. 
The  plant  succeeds  eminently  as  a  perennial  and  throe  year  old 
plants  of  the  three  types,  grown  on  the  Station  grounds,  show 
every  indication  of  persisting  indefinitely. 

The  heavy  yielding  power  of  this  class  of  cottons  is  indicated 
in  Table  I,  (tests  Nos.  106-108).  A  conservative  estimate  of  aver- 
age yields  from  two  year  old  plants,  in  a  series  of  ten  speci- 
mens, are  104,  70  and  57  ounces  seed  cotton  per  single  plant, 
covering  a  period  of  approximately  twelve  months.  This  is 
equivalent  to  yields  of  4505,  2975  and  2448  pounds  of  seed  cot- 
ton, respectively  per  acre,  with  plants  set  10  x  10  feet  apart, 
which  allows  680  plants  per  acre.  The  percentage  of  lint  was 
2iTy  32  and  29  per  cent,  respectively.  The  length  and  quality  of 
the  fiber  had  greatly  deteriorated,  but  this  was  probably  due  to 


the  entire  neglect  of  the  plants,  which  had  not  been  tilled,  irri- 
gated or  pruned  for  over  a  year.  The  plants  appear  to  be  res- 
ponding to  a  severe  pruning  and  it  is  hoped  that  the  original 
quality  may  be  restored  by  careful  culture. 

Test 'No.  103,  a  selection  from  the  neglected  plants  in  test 
No.  106,  yielded  a  considerably  better  sample  of  lint  than  was 
obtained  from  the  parent  plants.  The  yields  were  fair  consider- 
ing that  the  habit  of  this  class  is  to  fruit  late.  The  planting 
was  made  at  the  same  distance  as  the  Sea  Island  and  Upland, 
which  overcrowded  the  plants,  doubtless  to  their  detriment.  The 
percentage  of  lint  was  not  so  high  as  in  the  parent  stock,  nor 
does  the  uniformity  appear  as  good.  This  may  be  explained  as 
being  due  to  cross-fertilization,  the  three  strains  being  planted 
in  close  proximity. 

Mr.  Shoemaker  submits  the  following  report  concerning  sam- 
ples of  this  variety : 

"Sample  B — Caravonica  Wool  Cotton,  1908  Crop. 
Color,  slightly  darker  brown  than  A 
Length,  1  1-4 — 1  1-2  inches 
Strength,  very  strong 
Drag,  good 

Covering  of  seed,  fairly  heavy 
Uniformity  of  lint,  only  fair 
Seeds  many  of  them  of  the  'Kidney'  type." 

'This  sample  lacks  a  great  deal  of  being  uniform,  and  this  is 
the  one  great  fault  of  Caravonica  cotton — it  is  a  hybrid  and  one 
of  the  parents  is  a  'Kidney'  cotton;  that  is,  the  seeds  are  all 
glued  together  in  a  mass  in  the  center  of  each  lock.  The  lint 
in  this  sample  varies  greatly  in  length,  and  the  variation  in  the 
character  of  the  seeds  would  probably  make  considerable  diffi- 
culty in  ginning." 

Caravonica  ''Wool"  (test  No.  104),  although  planted  at  ample 
distances  apart,  yielded  lightly,  averaging  6.3  ounces  seed  cot" 
ton  per  plant  up  to  November  30th,  eight  months  after  planting. 
A  subsequent  picking  in  December,  just  preceding  pruning, 
brought  the  yield  per  plant  up  to  the  average  Sea  Island.  Since 
however,  the  plants  require  at  least  twice  as  much  room  as  the 
Sea  Island,  and  Upland  types,  it  will  be  seen  that  the  yields  would 
be  smaller.  The  amount  of  lint  is  high,  averaging  about  40  per 
cent.  As  will  be  seen  from  Mr.  Shoemaker's  report,  which  fol- 
lows, the  quality  of  the  lint  is  considered  choice. 
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"Sample  C— Caravonica  Wool  Cotton,  1908  Crop. 
Color,  much  like  first  sample* 
Length,  1  1-4—1  3-8  inches 
Strength,  very  strong 
Drag,  good 

Covering  of  seed,  heavy 
Uniformity  of  lint,  fair„" 

"I  think  this  sample  is  hardly  so  uniform  as  sample  ''A" ;  but 
otherwise,  not  far  different." 

As  in  the  case  of  pruning  the  Sea  Island  cotton,  this  test  shows 
the  same  general  effects,  i.  e.,  late,  low  pruning  tends  to  the  pro- 
duction of  a  uniform  growth  of  canes,  together  with  unformity 
in  fruiting.  This  report  would  be  incomplete  without  a  brief 
mention  of  the  remarkable  results  obtained  by  Mr.  E.  C.  Smith 
at  The  Peninsula  near  Pearl  City.  In  a  well  sheltered  spot, 
some  thirty  hills  were  planted  to  the  identical  stock  seed  sown 
in  test  No.  104.  The  ground  is  of  a  broken  coral  formation  in- 
termixed with  a  dry  silty  loam.  It  appears  to  be  shallow,  but 
papaias,  bananas  and  other  garden  truck  thrive  with  but  little  ir- 
rigation. The  elevation  is  about  ten  feet  above  sea-level.  Sown 
on  January  6,  1908,  the  plants  began  bearing  in  August,  and 
have  continued  to  fruit  almost  uninterruptedly  up  to  the  present 
time.  Careful  test  weighings  from  the  three  best  plants,  cover- 
ing the  first  twelve  months  of  growth,  gave  the  following  yields 
in  seed  cotton,  averaging  40  per  cent  lint:  36,  40  and  48  ounces 
respectively. 

Of  this  cotton,  Mr.  Shoemaker  reports  as  follows : 

"Sample  A — Caravonica  Wool  Cotton,  1908  Crop. 
Color,  light  brown,  much  like  Egyptian 
Length  1  1-2—1  3-8  inches 

Strength,  very  strong,  much  stronger  than  ordinary  cotton. 
Drag,  very  good 
Covering  of  seed,  heavy 
Uniformity  of  lint,  good." 

"This  is  a  very  beautiful  sample  of  cotton,  and  I  believe  that  if 
you  could  secure  a  field  which  would  uniformly  produce  this 
grade,  that  it  would  be  very  much  more  valuable  than  any  other 
sample  submitted;  in  fact,  more  valuable  than  most  of  the  Sea 
Island  that  is  produced  anywhere  at  present." 


*  See  report  on  Caravonica  cotton   grown  by  E.  C.  Smith. 
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Samples  of  this  cotton  have  been  submitted  to  American,  "Eng- 
lish, French  and  German  cotton  experts,  all  of  whom  have  made 
favorable  reports,  and  prices  ranging  from  14  to  23  cents  per 
pound  have  been  freely  quoted.  It  seems  certain  that  this  va- 
riety would  prove  of  exceptional  fitness  to  well  sheltered  low- 
lands. An  extensive  area  is  being  planted,  and  definite  data  may 
be  looked  for  at  the  end  of  another  year.  A  cooperative  pruning 
experiment  is  being  conducted  with  Mr.  Smith's  plants.  It  ap- 
pears that,  under  his  conditions,  high  pruning,  similar  to  that 
practised  by  California    prune-growers,  will   give  the  best  results. 

CULTURAL  NOTES. 

Soil. — Thp  expeiiments  herein  recorded  were  conducted  at 
the  Station  grounds  on  a  well  drained,  silty  loam  of  fair  depth 
and  moderate  fertility.  The  cotton  plant  appears  to  thrive  best 
in  light,  rather  than  heavy  soils,  although  thrifty  plants  abound 
throughout  the  islands  on  all  kinds  of  soil. 

Temperature. — The  Station  records  show  the  minimum  tem- 
perature, covering  the  period  of  these  experiments,  to  have^  been 
58""  F.  and  the  maximum,  86°  F.  The  mean  minimum  was 
04. 5°  and  the  mean  maximum,  84.3°.  The  average  tem- 
perature for  the  year  was  73.0°.  The  Station  grounds  are  at 
about  70  feet  elevation.  No  data  are  at  hand  on  the  limits  of 
temperature  and  elevation  for  the  cotton  crop  in  Hawaii,  but  it 
is  hoped  that  the  numerous  plantings  now  made  will  shed  need- 
ed light  on  this  phase  of  the  work. 

Moisture. — The  rainfall  during  the  period  in  this  report,  ap- 
proximated 30  inches.  In  addition  to  the  natural  precipita- 
tion, the  cotton  planted  in  March  received  three  irrigations,  all 
of  which  preceded  May  ist.  This  brought  the  total  moisture  up 
to  approximately  33  inches  for  the  year.     The  total  moisture 

supplied  up  to  the  first  picking  was  something  less  than  20 
inches.  It  is  believed  that  the  cotton  plant,  when  once  estab- 
lished, is  tolerant  to  a  lesser  amount  of  moisture  than  most  of 
our  cultivated  crops,  and  that  it  may  be  grown  over  a  wide  range 
of  unirrigated  territory  by  the  aid  of  thorough  tillage  calculated 
to  husband  limited  amount  of  soil  moisture.  The  moisture  in 
the  Station  cotton  plots,  as  determined  by  the  Station  chemist, 
was  found  to  be  14.06-17. 51  per  cent  one  foot  below  the  surface 
during  the  periods  of  greatest  growth. 
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Tillage. — Insufficient  tillage  was  accorded  the  cotton  plots 
during  the  earlier  stages  of  preparation.  After  lying  in  undis- 
turbed fallow  for  some  months,  the  ground  cracked  badly 
through  drought.  A  single  plowing,  followed  immediately  by  a 
discing  and  cross-discing,  preceded  the  planting  of  the  seed.  The 
short  interval  between  breaking  up  the  land  and  seeding  was  too 
short  to  prepare  a  suitable  seed  bed  and  bring  about  a  conserva- 
tion of  soil  moisture;  and  a  preliminary  irrigation  had  to  be 
made  to  facilitate  germination.  Subsequent  tillage  was  frequent 
and  thorough,  and  although  the  season  was  unusually  dry,  two 
additional  irrigations  were  found  sufficient  to  carry  the  crop  to 
successful  fruiting.  Tillage,  has  been  found  to  be  a  most  im- 
portant factor  in  the  culture  of  cotton.  Deep  plowing,  at  least 
on  our  leeward  uplands,  where  the  nature  of  the  sub-soil  per- 
mits, would  seem  advisable.  Storage  room  is  thus  provided  for 
the  conservation  of  all  the  rainfall ;  the  deep  rooted  cotton  ob- 
tains a  good  foothold  and  the  feeding  ground  for  the  extensive 
root  system  is  greatly  enlarged.  Frequent  shallow  surface  til- 
lage lessens  evaporation  by  providing  a  soil  or  dust  mulch  ;  keeps 
the  soil  aerated ;  destroys  weeds  and  avoids  the  harboring  of  in- 
sect pests. 

Planting. — The  Sea  Island  cottons  and  Caravonica  ''Wool" 
cotton  (103)  were  planted  in  hills  two  and  one-half  feet  apart  in 
rows  five  feet  apart,  or  3484  hills  per  acre.  Five  seeds  were 
planted  in  a  hill,  two  inches  deep.  All  but  a  single  strong  seed- 
ling were  removed  when  the  plants  were  six  to  ten  inches  tall. 
The  Sea  Island  seed  germinated  very  poorly  and  some  destruc- 
tion by  cut-worms  necessitated  considerable  transplanting  to 
make  a  full  stand.  Transplanted  seedlings  never  attain  as  good 
growth  as  plants  from  direct  sowings,  although  sturdy  seedlings 
may  be  successfully  transplanted  under  favorable  weather  condi- 
tions. 

With  late  plantings,  or  in  localities  with  minimum  moisture,  it 
is  recommended  to  plant  the  Sea  Island  and  Upland  cottons  in 
four  foot  rows,  hills  two  feet  apart  in  the  row.  Early  plantings 
in  more  favorable  locations  had  better  be  planted  21-2x5  feet 
apart.  Especially  important  is  this  wider  spacing  when  the  crop 
is  grown  as  a  perennial.  In  this  case  it  will  be  necessary  to  re- 
move every  alternate  plant  the  second  year,  making  the  final 
stand  5x5  feet,  or  1742  plants  per  acre.  Our  Caravonica  plants 
stand  approximately  8x8  feet  apart.      This  is  too  close  for  two 
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year  old  plants  under  our  conditions,  lo  x  lo  feet  would  be  bet- 
ter; but  for  less  favorable  conditions,  4x8  feet  apart  for  the 
first  year,  thinned  out  to  8  x  8  feet  would  give  good  results. 

The  Caravonica  Nos.  104  and  105,  were  planted  very  wide 
apart,  but  would  have  yielded  quite  as  well  had  they  been  plant- 
ed closer.  In  calculating  acre  yields,  5  x  10  feet  was  used  as  the 
space  factor.  The  results  obtained  with  Caravonica  No.  T03 
indicate  that  much  closer  planting  would  be  feasible  for  the  first 
year's  growth,  but  more  experience  is  necessary  to  prove  this 
point.  It  has  also  been  found  that  close  planting  acts  as  a  pro- 
tective measure  against  destructive  winds,  especially  while  the 
growth  is  young  and  brittle.  The  severe  winds  of  November 
28th  and  29th  failed  to  damage  mature  plants,  while  less  severe 
winds  at  an  earlier  period  badly  shattered  the  Caravonica  plants 
growing  far  apart. 

To  avoid  the  expense  of  hand  tillage  as  much  as  possible,  it  is 
essential  that  planting  be  done  in  straight  check  rows  at  suffi- 
cient distances  apart  to  facilitate  horse  cultivation.  Planting 
may  also  be  done  with  a  horse  seeder,  but  until  seed  becomes 
more  plentiful,  it  will  be  more  economical  to  plant  by  hand. 
The  best  season  for  planting  has  not  yet  been  determined  ex- 
perimentally, but  it  is  believed  that  as  soon  as  the  ground  is  in 
good  working  condition,  after  the  first  of  January,  and  up  to  the 
first  of  March,  cotton  may  be  planted  on  the  'leeward  side  of 
Oahu.  Planting  later  than  March,  unless  the  rainy  season  ex- 
tends beyond  that  time,  will  likely  result  in  the  plants  making  a 
poor  growth  unless  irrigation  is  provided.  On  the  other  hand, 
early  planting  should  be  avoided  in  excessively  wet  localities. 

To  a  certain  extent,  the  time  of  planting  controls  the  harvest- 
ing period.  The  aim  should  be  to  have  the  crop  mature  at  the 
most  favorable  season  for  picking,  both  from  the  standpoint 
of  weather  conditions  and  labor  supply.  During  the  past  year 
the  Upland  cotton  matured  in  six  to  seven  months ;  the  Sea 
Island  in  about  the  same  length  of  time ;  and  the  Caravonica, 
from  one  to  two  months  later. 

Fertilization  and  Rotation. — ^The  cotton  plant  is  a  strong  feed- 
er and  it  seems  very  likely  that  our  most  fertile  soils  may  within 
a  few  years  of  cotton  growing,  respond  profitably  to  a  rational 
system  of  fertilization.  A  fertilizer  experiment  was  attempted 
in  connection  with  the  Sea  Island  cotton  during  the  past  year, 
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and  while  some  benefit  appears  to  have  resulted  from  the  appli- 
cation of  300  poimds  per  acre  of  a  complete  fertilizer ;  based  up- 
on the  removal  of  an  average  crop  of  cotton,  the  unusual  dry 
weather  made  the  outcome  too  uncertain  to  form  definite  con- 
clusions. We  now  have  in  progress  a  fertilizer  experiment 
covering  two  acres. 

That  the  rotation  of  other  crops  with  cotton  will  prove  benefi- 
cial, there  can  be  no  doubt.  Experiments  alon^  this  line  are 
well  under  way ;  but  it  will  require  several  years  before  definite 
data  can  be  secured.  Corn,  soy  beans,  peanuts  and  other  legu- 
minous crops  would  enter  well  into  a  two  or  three-course  rota- 
tion. In  the  southern  United  States  corn  and  cow  peas  most 
frequently  enter  into  rotation  with  cotton,  although  in  the  Sea 
Islands  themselves,  rotation  is  too  often  neglected. 

Picking  and  Ginning. — ^Picking  will  probably  prove  the  heav- 
iest item  of  expense  and  one  of  the  most  difficult  problems  the 
Hawaiian  cotton  grower  will  have  to  meet,  until  the  industry  be- 
comes adjusted.  Tests  made  on  a  small  scale  at  the  Station  in- 
dicate, that  a  good  Japanese  laborer  can  not  pick  over  fifty 
pounds  of  average  Sea  Island  cotton  per  day  of  ten  hours ;  pos- 
sibly a  fourth  more  of  Caravonica  ;  and  at  best,  a  hundred  pounds 
of  Upland,  which  is  the  easiest  of  all  to  pick.  Greater  skill  would 
doubtlessly  be  acquired  with  experience.  Even  by  piece  work, 
the  cost  at  present  would  probably  run  from  $1 .00  to  $2.00  per 
TOO  pounds  seed-cotton,  depending  on  the  variety  and  yield. 

The  removal  of  the  lint  from  the  smooth  seeded  cottons,  such 
as  the  Sea  Island  and  Caravonica  types,  is  done  on  the  roller- 
gin  to  avoid  injury  to  the  long  and  more  delicate  staple.  The 
more  closely  adhering  and  coarser  Upland  lint  is  removed  on 
saw-gins,  which  also  have  greater  capacity.  Small  machines  of 
both  types,  are  on  the  market ;  but  a  large  central  ginning  plant 
would  prove  more  economical  when  the  area  under  cotton  war- 
ranted its  estabHshment.  For  experimental  purposes,  the  Sta- 
tion uses  a  simple  wooden  contrivance  of  Japanese  manufacture, 
which  is  well  suited  for  the  removal  of  seed  from  selected  plants. 
Its  cost  is  about  $5.00.  By  replacing  the  rubber  rollers  on  a 
wash-wringer,  with  wooden  ones,  a  simply  roller-gin  of  twenty 
or  thirty  pounds  daily  capacity  could  easily  be  made. 

Seed  Selection. — To  the  writer's  mind  the  most  important 
single  factor  in  the  future  success  of  the  cotton  industry  in  Ha- 
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waii  will  be  the  development  and  maintenance  of  superior  strains 
of  the  type  of  cotton  which  proves  best  suited  to  a  ^iven  locality. 
Grade  and  quantity  of  lint  are  the  chief  qualities  sought  for  in 
cotton,  although  the  value  of  seed  may  in  time  prove  equally 
important.  These  qualities  are  very  largely  hereditary,  and  as 
the  plant  is  extremely  variable,  the  opportunities  for  selection 
are  correspondingly  great. 

The  striking  difference  between  individuals  among  a  given  lot 
of  plants  are  well  illustrated  in  our  experiments  with  the  Sea 
Island  cottons.  In  row  4,  of  the  Florida  strain,  the  plants  rang- 
ed from  24  to  60  inches  in  height;  adjoining  plants  bore  30  to 
120  bolls,  and  yielded  four  to  18  ounces  of  seed-cotton.  The 
percentage  and  length  of  lint  were  somewhat  more  uniform, 
but  differences  in  these  respects  were  sufficiently  marked  to  al- 
low of  considerable  improvement  by  selection.  Other  qualities, 
such  as  early  and  late  maturing,  length  of  fruiting  period,  ease 
of  picking,  inclination  to  shatter,  resistance  to  pests  and  diseases, 
all  may  be  controlled  to  a  large  extent  by  careful  selection.  Some 
sixty  selections  of  individual  plants  have  been  made  during  the 
past  year  from  among  the  Station  plants.  These  will  be 
planted  separately  and  selection  made,  generation  after  genera- 
tion, a  definite  ideal  being  kept  in  mind.  It  will  be  well  for  grow- 
ers to  start  out  with  the  best  seed  obtainable,  and  then  select 
rigidly  their  best  plants  for  stock  seed. 

The  seed  from  each  mother  plant  should  be  sown  separately 
and  the  progeny  again  carefully  examined  for  breeding  plants 
showing  improvement.  A  single  plant  will  yield  500  or  more 
seeds  the  first  year,  and  the  progeny  from  this  stock  should  pro- 
duce sufficient  seed  to  plant  from  ten  to  twenty  acres  the  year 
following. 

In  the  search  for  a  method  whereby  the  qualities  of  an  in- 
dividual specimen  might  be  perpetuated,  a  scheme  of  propaga- 
tion by  layers  or  cuttings  was  hit  upon.  It  was  noted  that  the 
old  Caravonica  plants  budded  freely  from  the  surface  roots  and 
as  many  as  ten  plants  were  secured  from  a  single  lateral  by  this 
method.  This  suggested  that  similar  results  might  be  secured 
from  cuttings  of  the  branches  and  a  large  number  were  made 
trom  immature  wood.  These  gave  indifferent  results  and  a 
more  systematic  experiment  was  undertaken  as  the  plants  ma- 


i6 

ttired  and  were  ready  for  general  pruning.  Accordingly,  on  De- 
cember 15th,  cuttings  were  made  from  a  number  of  select  plants, 
representing  the  three  classes  of  cotton  under  experiment.  Se- 
lecting the  best  formed  and  most  fruitful  branches,  cuttings  were 
made  from  the  tip  end,  the  intermediate  portion  and  the  base. 
Cuttings  eight  to  ten  inches  long  and  containing  five  to  eight 
eyes,  were  cut  from  each  of  the  three  divisions  and  planted  in 
the  field  after  the  manner  of  rooting  grape  cuttings.  The  Sea 
Island  and  Caravonica  cottons  rooted  equally  well,  about  fifty 
per  cent  of  all  the  cuttings  planted  rooting  and  making  a  satisfac- 
tory growth.  The  Caravonica  root  cuttings  practically  all  grew, 
and  are  making  a  fine  growth.  The  Upland  cutting:s  failed  en- 
tirely. With  the  Sea  Island,  the  base  cuttings  rooted  best,  but 
with  the  Caravonicas,  the  tip  cuttings  gave  the  largest  percent- 
age of  strong  plants.  With  the  Caravonica  root  cuttings,  all 
portions  were  of  about  equal  value.  At  this  writing  one  hundred 
days  from  planting,  the  cuttings  have  grown  from  twelve  to 
thirty  inches  in  height.  Squares  are  forming  on  some  of  the 
advanced  plants,  and  the  general  growth  compares  favorably 
with  stock  grown  from  seed.  It  is  beheved  that  a  larger  per- 
centage of  cuttings  can  be  made  to  grow  under  more  favorable 
conditions. 

Mr.  E.  C.  Smith  of  Pearl  City  has  demonstrated  that  it  is 
feasible  to  propagate  the  Caravonica  cottons  by  budding,  and 
this  method  woiuld  likewise  lend  itself  to  furthering  the  work  in 
hand. 

The  plan  now  is  to  grow  any  desired  number  of  cotton  va- 
rieties and  strains  in  comparative  tests  and  as  individual  plants 
are  selected  for  breeding  purposes  they  are  marked.  When  the 
proper  time  for  pruning  arrives  all  available  wood  is  utilized  for 
cuttings.  These  are  then  planted  in  isolated  plots  and  allowed 
to  fruit.     The  resultant  seed  will  be  of  a  pure  strain. 

Should  continuous  inbreeding  tend  to  the  deterioration  of  a 
strain,  some  method  of  line-breeding,  as  successfully  practiced  by 
breeders  of  other  crops,  can  doubtlessly  be  devised,  the  "ear-row'* 
plan  for  the  improvement  of  cotton  being  suggested  as  a  feasible 
method.  The  important  point  is  that  we  now  have  a  simple 
method  whereby  the  exceptional  individual  when  once  found  may 
be  propagated  true  to  type. 
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In  the  perpetual  conflict  with  weeds  it  becomes  necessary 
to  make  use  of  every  weapon  which  shows  efficiency  in  destroy- 
ing them.  The  conditions  under  which  different  crops  are 
raised  indicate  different  methods  as  best  adapted  to  the  vari- 
ous conditions  of  each  case.  During  the  past  year  a  number 
of  experiments  have  been  made  with  carbon  bisulphid  in 
studying  its  effects  upon  various  herbaceous  and  shrubby 
weeds.  In  these  experiments,  the  amount  of  carbon  bisulphid 
used  varied  according  to  the  size  of  the  plant  to  be  destroyed. 
On  small-stemmed  plants  like  Crotalaria,  about  a  teaspoonful 
of  commercial  bisulphid  was  poured  down  the  stem,  from  about 
six  inches  above  the  ground.  The  amount  was  increased,  for 
larger  plants,  up  to  two  tablespoonfuls  for  guava  bushes  .three 
or  four  inches  in  diameter.  The  plants  upon  which  most  of 
the  tests  were  made  were  lantana,  guava,  prickly-pear,  Stacliy- 
tarpheta  dicotoma  (one  of  the  plants  known  by  the  native  name 
Oi),  and  Crotalaria  incana.  In  all  cases,  as  just  indicated,  the 
carbon  bisulphid  was  poured  on  the  stem  at  a  point  about  six 
mches  above  the  surface  of  the  ground.  On  most  plants  carbon 
hisulphid  shows  no  effect  until  after  the  lapse  of  a  considerable 


period;  on  large  guavas  sometimes  two  or  three  months.  Tho 
effect  of  pouring  carbon  bisulphid  on  Crotalaria  was  to  cause 
the  death  of  the  plant,  root  and  branches,  within  four  to  ten 
days.  The  plants  remain  green,  and  apparently  normal,  until 
shortly  before  death,  when  the  leaves  suddenly  turn  yellow 
and  shrivel  up.  If  the  plants  are  then  carefully  removed  from 
the  soil  it  is  found  that  all  of  the  root-system  is  dead  and  the 
inner  tissues  of  the  roots  and  lower  part  of  the  stem  are  brown, 
or  otherwise  discolored. 

Lantana  bushes,  about  two  inches  in  diameter,  died  within 
seventeen  to  thirty-two  days  after  the  application  of  carbon 
bisulphid.  About  the  same  length  of  time  was  required  for 
the  destruction  of  Oi.  Young  prickly-pear  plants,  about  two 
feet  in  height,  v/ere  found  to  be  exceedingly  sensitive  to  car- 
bon bisulphid.  In  some  cases,  the  plants  fell  over  on  the  ground 
within  twenty-four  hours  after  being  moistened  with  the 
liquid;   and  in  other  cases,  were  dead  within  two  days. 

With  guava,  the  effects  of  carbon  bisulphid  were  not  mani- 
fested for  a  much  longer  period,  in  some  cases  even  not  for 
two  or  three  months.  Finally,  however,  in  all  but  two  cases 
the  leaves  turned  yellow,  withered  up,  and  the  plant  died.  The 
dead  and  dying  trees  were  dug  out  and  the  roots  examined. 
In  every  case  the  roots  were  found  to  be  dead  to  the  tip  and 
their  whole  tissue  discolored.  In  one  case,  the  guava  tree  was 
over  six  inches  in  diameter  at  the  base. 

Apparently,  the  effect  of  carbon  bisulphid,  when  applied 
directly  to  the  stems  of  plants,  is  due  to  artificial  freezing.  As 
is  well  known,  the  liquid  volatilizes  almost  instantly  and  cools 
the  surface  so  suddenly  that  the  living  bark  is  destroyed.  It 
was  found  to  be  a  simple  matter  to  produce  ice  at  noon  on  hot 
days  on  the  surface  of  guavas  and  other  plants  by  slowly  drip- 
ping carbon  bisulphid  along  the  trunk.  The  death  of  large 
guavas  from  an  application  of  a  small  quantity  of  carbon 
bisulphid  to  the  base  of  the  trunk,  a  few  inches  above  tlie 
ground,  can  hardly  be  attributed  entirely  to  the  freezing  effect. 
It  seems  also  to  exercise  a  poisonous  action,  otherwise  it  would 
be  difficult  to  explain  the  complete  destruction  of  the  roots  to 


their  lips^  in  some  instances,  six  or  eight  feet  from  the  point 
where  the  carbon  bisulphid  was  applied.  It  was  found,  for 
example,  that  guava  bushes  would  live  for  five  to  seven  months 
after  the  bark  and  cambium  had  been  entirely  removed  from 
the  surface  of  the  ground  up  to  a  height  of  two  feet.  More- 
over, the  destruction  of  the  bark  at  the  base  of  the  trunk  by 
concentrated  sulphuric  acid  was  not  sufficient  to  cause  the 
death  of  the  guava  bush  for  about  six  months.  Apparently, 
therefore,  carbon  bisulphid  causes  the  death  of  plants  by  its 
freezing  effect  and  also  by  a  poisonous  action. 

The  use  of  carbon  bisulphid  for  destroying  underground 
insects  is  a  familiar  practice.  It  may  be  interesting,  therefore, 
to  inquire  what  effect,  if  any,  the  extensive  use  of  carbon  bisul- 
phid may  have  upon  the  soil  and  its  adaptability  to  cultivation. 
It  is  well  known,  for  example,  that  the  application  of  carbon 
bisulphid  to  the  soil  around  fruit  trees  and  other  plants  has 
no  injurious  effect  upon  the  plants;  in  fact,  ^Hiltner  and 
Stormer  have  shown  that  carbon  bisulphid  reduces  denitrifica- 
tion  and  the  fixation  of  nitrogen.  Similarly,  ^Heinze  demon- 
strated that  carbon  bisulphid  promotes  the  activity  of  nitrogen- 
fixing  organisms.  In  experiments  carried  on  by  Nobbe,  the 
yield  of  peas,  and  various  other  crops,  was  increased  as  a"  result 
of  the  application  of  carbon  bisulphid  and  the  plants  absorbed 
more  ash  and  nitrogen.  ^Henry  found  that  when  400  cc.  of 
carbon  bisulphid  per  square  meter  was  injected  into  the  soil 
about  locust  trees,  beneficial  effects  upon  the  growth  of  the 
trees  were  observed  for  several  years.  On  the  other  hand, 
heavy  fumigation  with  carbon  bisulphid  has  frequently  proved 
injurious  or  fatal  to  young  fruit  trees.  In  a  series  of  experi- 
ments by  -^/Oberlin,  carried  on  for  eighteen  years,  in  treating 
grape  Phylloxera,  it  was  found  that  carbon  bisulphid  had  a 
remarkable  effect  in  increasing  the  yield  of  grapes.  When 
other  crops  were  rotated  with  grapes,  for  example,  legumes, 
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sugar-beets,  and  cereals,  a  considerably  increased  yield  was 
also  noted  in  these  plants.  In  a  few  instances,  it  appeared  that 
soil  made  ^^sick^^  by  continuous  culture  of  the  same  crop  was 
restored  to  productiveness  by  the  use  of  carbon  bisulphid. 

Apparently  the  only  previous  experiments  with  carbon 
bisulphid,  as  a  weed-destroyer,  were  carried  out  by  Walker  in 
Arkansas  in  destroying  sassafras  sprouts,  and  by  the  writer, 
in  Maryland,  also  on  sassafras.  In  both  of  these  localities  the 
chemical  was  found  to  produce  the  death  of  the  plants  within 
one  month. 

In  using  carbon  bisulphid  it  should  always  be  remembered 
that  the  fumes,  if  inhaled  continuously,  may  produce  serious 
effects  upon  the  workmen,  and  also  that  the  material  is  highly 
inflammable  and  should  be  protected  from  accidental  flames. 
The  effects  of  the  fumes  upon  workmen  include  headache,  diz- 
ziness, hysterical  excitement,  and,  finally,  a  rather  serious 
weakness,  a  feeble  pulse  and  other  symptoms  of  prostration. 
If  it  is  used,  therefore,  in  the  eradication  of  weeds,  these  effects 
should  be  borne  in  mind  in  order  to  protect  the  workmen. 

It  is  obvious  that  carbon  bisulphid,  although  an  effective 
means  of  destroying  certain  weeds,  cannot  be  used  economi- 
cally in  all  localities.  There  are  many  steep  slopes  covered 
with  guavas,  in  which  it  would  be  a  very  difficult  matter  to 
operate  with  this  chemical.  It  is  always  necessary  for  the 
workmen  to  keep  to  the  windward,  in  order  to  avoid  the 
fumes,  and  in  some  localities  the  difficulty  of  transporting  con- 
tainers would  render  the  method  entirely  impracticable.  On 
the  other  hand,  the  use  of  carbon  bisulphid  in  the  destruction 
of  such  plants  as  the  guava  has  the  advantage  that  young 
sprouts  do  not  come  up  from  the  roots.  The  necessity  of  grub- 
bing out  all  of  the  roots  is  thus  obviated.  Under  such  circum- 
stances, it  would  merely  be  necessary  to  allow  the  guavas  to 
stand  until  they  are  dead,  after  which  the  trunk  and  large 
roots  would  be  removed,  as  is  necessary  in  any  case  in  clearing 
the  land. 
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INTRODUCTION  OP  THE  ALGAROBA. 

The  algaroba,  or  keawe  {Prosopis  juli flora)  ^  is  commonly 
recognized  as  the  most  v'aluable  tree  which  has  thus  far  been  in- 
troduced into  the  Territory  of  Hawaii.  The  accounts  of  its  first 
introduction  into  the  Territory  are  somewhat  at  variance.  At 
the  corner  lot  belonging  to  the  Catholic  Cathedral  of  Honolulu 
stands  an  algaroba  tree  which  is  supposed  to  be  the  first  one  in- 
troduced, and  which  bears  a  tablet  stating  that  it  was  planted  by 
Father  Bachelot  in  1837.  In  support  of  this  tablet  we  find  the 
following  statement  in  an  article  on  the /^History  of  the  Hawaii- 
an Missions/'^  referring  to  the  second  visit  of  Father  Bachelot 
to  Llonolulu :  ^^On  his  return  from  California  he  had  planted 
m  the  Mission  grounds  four  shoots  of  the  algaroba  tree,  until 
then  unknown  in  the  Islands.  Only  one  of  these  had  taken  root 
and  was  now  growing  fast.  As  the  worn-down  missionary  left 
his  mission  hoiise,  never  again  to  return  to  it,  he  looked  upon  the 
plant  with  moistened  eyes  and  said  as  though  prophetically: 
Lven  as  this  young  tree  by  Divine  Providence  will  thrive  and 
t^over  the  whole  of  the  island  with  its  shade,' ''  etc.    Essentially 

1  Damien  Institute,  Vol.  12,  1903,  No.  12,  pages  190  and  191. 


the  same  statement  was  translated  into  French  and  snbsequently 
published.^  In  the  ^Tacific  Commercial  Advertiser''  for  elami- 
ary  1,  1900,  in  an  al^ticle  by  TI.  M.  Whitney,  we  find  the  follow- 
ing statement  placing  the  same  date  npon  the  first  introdnction, 
but  attributing  it  to  another  man:  ^^The  algaroba — by  far  the 
most  valuable  tree  on  the  Islands — was  introduced  by  seeds 
brought  from  Chile  by  Bishop  iMaigret,  and  the  first  tree  started 
by  him  is  now  growing  in  the  north  corner  of  the  Catholic 
Church  yard.''  A  drawing  of  the  Catholic  Cathedral  at  Ilono- 
Irdu  was  made  in  1842  and  was  subsequently  published  in  Paris 
with  certain  notations.  In  this  drawing  the  original  algaroba 
tree  is  shown  standing  considerably  higher  than  the  Cathedral. 
This  would  obviously  have  been  impossible  if  the  tree  had  been 
only  five  years  old  at  the  time  the  drawing  was  made.  Below 
the  drawing  of  the  Cathedral  is  a  printed  statement  in  French^ 
which,  translated,  reads  as  follows:  ^^Tree  planted  by  Mr.  Bach- 
elot  in  1828.  It  is  a  magnificent  Acacia.  The  seed  was  brought 
from  the  Jardin  du  Koi  de  Paris."  Father  Reginald,  Librarian 
of  the  Catholic  Cathedral,  has  looked  up  all  of  the  records  relat- 
ing to  the  introduction  of  the  algaroba  and  considers  1828  as 
nndoubtedly  the  correct  date.  He  states  in  a  recent  letter  to 
Father  Valentin  that  in  1837  there  were  already  several  alga- 
roba trees  from  the  seed  of  the  first  one.  Moreover,  the  state- 
ment m  the  previous  quotation,  that  the  original  tree  came  from 
a  shoot  imported  from  California,  may  be  considered  as  some- 
what doubtful  on  account  of  the  difficulty  of  propagating  tlu^ 
tree  from  shoots,  except  under  favorable  conditions.  Shoots 
brought  by  sailing  vessel  from  California  would,  ordinarily,  uot 
be  in  good  condition  for  planting  upon  their  arrival. 

BOTANY  AND   HABITAT. 

There  are  eighteen  or  more  species  of  Prosopis,  the  natural 
habitat  of  which  is  in  tropical  and  semi-tropical  America.  The 
algaroba  occurs  from  Texas  to  Chile  and  in  the  West  Indies. 


2  Ann.  Sacres  Coeiirs,  1896,  pages  288-290. 
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Another  species  (Prosopis  glandulosa),  known  also  as  the  Texas 
mesquite,  is  found  alongside  of  the  algaroba  in  Texas,  and  there 
are  a  few  trees  of  this  species  on  Molokai.  Seeds  from  these 
trees  have  also  been  planted  in  other  localities.  If  w^e  accept  as 
true  the  statement  that  the  original  seeds  were  brought  from 
Paris  by  Father  Bachelot  on  his  first  trip  to  the  Islands,  it  is 
impossible  to  determine  their  exact  origin.  The  tree  is,  of 
course,  not  native  in  France  and  the  seeds  must  have  been 
brought  there  from  some  other  locality. 

The  distribution  of  algaroba  in  Hawaii  is  largely  determined 
by  the  rainfall  conditions.  The  tree  thrives  best  in  dry  localities, 
and  is  somewhat  sensitive  to  salt  air.  ^Nevertheless,  on  the  wind- 
ward side  of  Lanai  there  is  a  fine  belt  of  algaroba  wdiicli  extends 
to  within  a  few  hundred  feet  of  the  seashore.  The  trees  which 
grow  nearest  the  water  on  the  leeward  side  of  the  Islands,  some- 
times have  the  leaves  destroyed  by  salt  spray  during  Kona 
storms,  but  recover  later,  showing  little  effects  from  the  salt 
water.  Algaroba  thrives  best  at  low  altitudes,  but  is  everywhere 
gradually  extending  to  higher  levels,  and  it  is  found  in  some 
localities  at  altitudes  as  high  as  two  thousand  feet.  Apparently, 
it  is  gradually  becoming  acclimated  to  the  higher  altitudes,  but 
it  bears  most  abundantly  at  lower  levels.  Considerable  attention 
lias  been  given  to  the  distribution  of  this  tree  in  carrying  it  from 
one  island  or  locality  to  another,  but,  on  the  whole,  its  distribu- 
tion has  been  largely  accomplished  by  stock.  Practically  all  of 
the  islands  have  enormous  belts  of  algaroba  forest,  extending 
from  the  sea-shore,  on  the  leeward  side,  up  to  an  altitude  of  800 
or  1,000  feet. 

USES  OP  ALGAROBA. 

There  are  few^  trees  which  are  distinctly  useful  for  more  pur- 
poses than  is  true  for  the  algaroba.  Its  flowers  furnish  the  most 
nnportant  source  of  pure  honey  known  in  the  Territory.  The 
bee-raisers  of  the  Territory  have  shown  an  active  interest  in 
securing  the  rights  of  placing  apiaries  so  as  to  utilize  to  the  full- 


est  extent  the  algaroba  forests.  The  yield  of  honey  is  recognized 
as  large  and  important,  and  occurs  at  two  seasons,  there  being 
two  crops  of  flowers  and  pods  annually. 

As  a  forage  crop  algaroba  is  of  far  greater  financial  value. 
The  pods  are  everywhere  recognized  as  one  of  the  most  impor- 
tant grain  feeds  of  the  islands  and  are  greatly  relished  by  all 
kinds  of  live  stock,  including  chickens.  The  quantities  of  pods 
produced  by  the  algaroba  forests  cannot  be  estimated,  even  ap- 
proximately, for  a  large  proportion  of  the  pods  are  allowed  to 
fall  on  the  ground  and  are  eaten  by  cattle,  hogs  and  horses,  with- 
out being  previously  picked  up.  It  has  been  estimated  that  ap- 
proximately 500,000  bags  of  the  beans  are  annually  picked  up 
and  stored,  particularly  for  feeding  horses  and  cattle.  On  two 
or  three  estates  at  least  15,000  bags  of  beans  are  annually  stored 
for  this  purpose. 

Algaroba  wood  also  constitutes  one  of  the  best  and  chief 
sources  of  fuel  in  the  Territory.  Its  growth  is  comparatively 
rapid  and  the  larger  trees  can  be  removed  for  fuel,  thus  making 
room  for  the  growth  of  another  generation  of  trees.  In  addition 
to  these  uses  of  the  algaroba,  it  might  also  be  stated  that  the  bark 
contains  tannin,  and  the  gum  is  suitable  for  use  in  varnish. 
Being  a  legume,  and  of  remarkable  penetrating  power  in  the 
soils,  it  is  also  a  soil-maker  of  some  importance.  As  a  shade 
and  ornamental  tree  it  is  highly  appreciated.  The  form  of  the 
tree  is  graceful  and  spreading.  The  small  branches  furnish  ex- 
cellent material  for  making  charcoal.  Piles  made  from  algaroba 
are  relatively  free  from  the  attack  of  the  Toredo.  Moreover, 
since  the  pods  contain  a  high  percentage  of  sugar,  they  may 
be  used  in  the  manufacture  of  denatured  alcohol  and  vinegar. 

ALGAROBA  BEANS  AS  STOCK  FEED. 

The  algaroba  is  chiefly  interesting  on  account  of  the  enormous 
quantity  of  forage  which  the  beans  furnish.  As  already  stated, 
all  kinds  of  farm  stock  are  very  fond  of  them,  and  their  feeding 
value  has  long  been  recognized  from  the  practical  results  ob- 


tained.  As  a  feeding  material  there  seems  to  be  only  one  objec- 
tion to  them,  and  that  is,  a  slight  flavor  given  to  milk  when  the 
beans  are  fed  in  excess  to  the  dairy  cows.  This  objection,  how- 
ever, could  be  overcome  by  feeding  the  beans  after  milking, 
rather  than  before  milking.  The  whole  pods  of  the  algaroba 
show  the  following  percentage  composition:  Water  15.26,  pro- 
tein 8.89,  fat  .58,  nitrogen  free  extract  47.27,  crude  fibre  24.75, 
ash  3.25.  The  seeds  alone,  however,  have  the  following  percent- 
age composition:  Water  14.38,  protein  33.62,  fat  3.94,  nitrogen 
free  extract  36.78,  crude  fibre  6.84,  ash  4.44.  It  has  long  been 
known  that  on  account  of  the  hard  case,  like  that  of  a  shark's 
egg,  surrounding  each  seed,  the  seeds  themselves  are  not  digested 
by  live  stock.  On  this  account,  if  the  pods  are  fed  whole,  the 
protein  content  is  largely  lost  and  the  pods  do  not  furnish  a 
ration  so  well  balanced  as  would  be  the  case  if  the  seeds  were 
rendered  digestible. 

Kealizing  the  great  importance  of  algaroba  beans  as  a  forage, 
a  munber  of  persons  made  attempts  to  grind  the  pods,  in  order 
to  crack  the  beans,  and  thus  render  them  available  as  food.  Mr. 
Paul  Isenberg  spent  a  great  deal  of  time  and  money  in  this  ex- 
periment, during  which  confident  promises  of  success  were  made 
by  mainland  millers,  without  ultimate  success.  Similarly,  Mr. 
i\  G.  Krauss  of  this  Station,  while  connected  with  the  Kameha- 
iiieha  Schools,  had  experiments  made  by  six  or  more  mainland 
concerns  who  at  first  believed  that  some  of  their  mills,  designed 
for  grinding  drugs  and  miscellaneous  materials,  would  success- 
fully meet  the  problem  of  grinding  algaroba  beans.  All  their 
tests,  however,  proved  that  the  machinery  then  in  use  was  not 
adapted  to  grinding  the  algaroba.  The  difficulty  in  the  way  of 
grinding  the  beans  is  furnished  by  the  large  amount  of  sugar  in 
the  pulp  of  the  pods.  This  sugar  is  in  essentially  the  condition 
of  molasses  and  gradually  accumulates  on  the  milling  machinery, 
lorming  a  layer  resembling  vulcanized  rubber  in  consistency, 
and  ultimately  causing  a  heating  of  the  machinery  so  that  it  has 
to  be  stopped.     The  cleaning  of  mill  machinery  which  has  once 


been  coated  with  this  layer  is  a  very  tedious  and  difficult  opera- 
tion. 

Two  years  ago  this  Station  began  experiments  in  grinding 
algaroba  beans  and  soon  came  to  the  conclusion  that  special 
machinery  was  needed  for  this  purpose.  It  was  found  that  vari- 
ous milling  machines  would  successfully  do  the  work  for  a  few 
minutes^  or  perhaps  for  half  an  hour,  but  that  ultimately  the 
coating  of  moistened  sugar  on  the  machinery  rendered  further 
operation  impossible.  It  was  found,  however,  that  the  addition 
of  a  very  small  quantity  of  water  to  the  cracked  pods  was  suffi- 
cient to  render  the  sugar  in  the  pods  no  longer  sticky.  The  ex- 
traction of  a  portion  of  the  sugar,  by  means  of  water,  makes  it 
possible  to  dry  the  cracked  pods  in  a  condition  in  which  any 
feed-grinder  will  successfully  crack  the  seeds.  The  removal  of 
a  portion  of  the  sugar,  however,  takes  away  some  of  the  feeding 
value  of  the  beans  and  renders  an  alcohol  or  vinegar  plant  neces- 
sscry  in  order  to  utilize  the  sugar  thus  extracted.  The  desirabil- 
ity of  special  machinery,  which  would  successfully  crack  the 
beans  in  fresh,  untreated  pods,  became  therefore  more  and  more 
apparent.  Finally  the  interest  of  a  trained  mechanic  and  in- 
ventor, Mr.  C.  W.  Renear,  was  enlisted,  and  after  several  months 
of  experimenting,  he  succeeded  in  devising  a  machine  which 
would  grind  the  fresh  beans,  cracking  all  of  the  seeds,  and  thus 
rendering  them  available  for  stock.  The  feeding  test  made  by 
this  Station  showed  that  the  seeds  thus  cracked  are  completely 
digested  by  horses,  mules  and  cattle. 

In  repeated  tests  with  the  algaroba  bean  meal,  just  referred 
to,  it  was  found  desirable  to  adopt  the  suggestion  made  by  this 
Station  as  to  the  advantage  of  a  minute  spray  of  water  to  pre- 
vent the  sugary  material  from  adhering  to  the  roller  of  the  mill. 
After  this  device  was  adopted,  no  tendency  was  shown  for  the 
sugar  to  adhere,  and  the  roller  remained  perfectly  clean.  The 
amount  of  water  added  in  this  process  is  altogether  too  small  to 
endanger  the  keeping  qualities  of  the  meal.  The  sugar  in  the 
pods  does  not  ferment  unless  considerable  water  is  added.    The 


keei)ing  quality  of  the  meal  is  quite  sufficient  for  the  ordinary 
demands  of  the  trade.  When  kept  in  sacks  or  open  containers  it 
retains  its  original  odor  and  flavor,  without  change,  for  six  or 
eight  months,  and  the  meal  is  no  more  subject  to  the  attacks  of 
insects  than  is  any  other  grain  feed. 

On  account  of  the  prevalence  of  weevils,  which  attack  and 
destroy  the  seeds  on  the  tree,  or  after  the  pods  have  fallen  off, 
or  have  been  stored  in  bins,  it  was  thought  desirable  to  attempt 
the  introduction  of  parasites  to  control  these  weevils.  The 
Bureau  of  Entomology  of  the  United  States  Department  of 
Agriculture  very  kindly  consented  to  cooperate  with  this  Sta- 
tion, and  Dr.  W.  D.  Hunter  made  several  shipments  of  mesquite 
beans  containing  parasitized  weevils  from  Texas.  The  parasites 
were  bred  from  this  material  in  large  numbers  by  Mr.  D.  T. 
Fidlaway  of  this  Station,  and  were  subsequently  liberated  on 
Maui  and  in  several  localities  near  Honolulu.  It  is  too  soon 
yet  to  speak  of  the  success  of  this  introduction,  but  if  subsequent 
investigation  shows  that  the  parasites  have  not  become  estab- 
lished, further  introductions  from  Texas  will  be  made  during  the 
coming  season. 

When  it  is  considered  that  women  and  children  pick  up  the 
beans  and  sell  them  for  from  $7.50  to  $10.00  a  ton,  it  is  appar- 
ent that  this  feed  has  a  much  higher  feeding  value  than  its  actual 
market  price,  particularly  when  compared  with  the  high  price 
which  must  be  paid  for  imported  feeds.  The  dairymen  and 
ranchmen  recognize  the  importance  of  feeding  large  quantities 
of  the  beans  picked  up  for  storage,  in  order  to  prevent  the  great 
loss  which  would  occur  if  they  were  all  left  upon  the  ground. 
Wherever  the  belts  of  algaroba  timber  are  large  it  has  been  found 
possible  to  maintain  stock  for  a  month  or  two  of  each  season 
without  any  other  forage  than  algaroba  beans.  Some  of  these 
belts,  however,  have  been  allowed  to  grow  up  much  too  dense. 
TTnder  such  conditions  the  individual  trees  remain  too  small  and 
the  yield  of  beans  is  less  than  would  be  the  case  if  the  trees  were 
thmned  out,  so  as  to  give  a  chance  for  each  tree  to  spread  to  its 


full  limit.  The  thinning  process  would  nearly,  if  not  quite,  pay 
for  itself  in  most  localities  in  the  fuel  which  would  thereby  be 
obtained.  With  the  successful  mill,  which  is  now  available  for 
grinding  algaroba,  the  feeding  value  of  this  already  important 
natural  forage  asset  of  the  Territory  will  be  greatly  increased. 
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The  peanut  is  an  annual  plant.  Two  more  or  less  distinct 
types  are  in  general  cultivation.  Under  Hawaiian  conditions, 
the  '^bunch''  type  grows  into  an  erect,  compact  bush  8  to  24 
inches  high  with  an  equal  spread  of  foliage;  the  "running'^  or 
^^flat''  type  is  decumbent  and  spreading,  rarely  more  than  a  foot 
high,  and  in  some  varieties  attains  a  spread  of  fully  5  feet  in 
diameter,  depending  on  variety  and  cultural  conditions. 

The  fruit  is  not  a  nut  but  a  ripened  pod  with  edible  seeds, 
not  imlike  the  pea  and  bean.  The  prominent  yellow  inflores- 
ence  are  the  male  (staminate)  flowers,  the  female  (pistillate) 
flowers  are  hidden  in  the  axils  of  the  leaves.  After  fertiliza- 
tion has  taken  place  the  male  flowers  shrivel  and  fall  away, 
while  the  female  flowers  rapidly  develop  into  the  rudimentary 
fruit  on  the  end  of  an  elongated  stem.  This  soon  turns  down- 
ward and  burrows  into  the  ground,  where  it  matures  its  so-called 
nuts.  From  experiments  conducted  by  the  Station,  the  peanut 
would  seem  to  deserve  extensive  planting  in  Hawaii.  Except 
for  an  occasional  small  planting  made  by  Chinese  and  Japanese 
ii'ardeners,  very  little  has  been  done  to  develop  it  as  a  field  crop. 
'  n  the  southern  states  the  peanut  is  prized  among  the  most  val- 
uable crops,  combining,  as  it  does,  the  desirable  qualities  of 
several  important  farm  crops.    The  portion  above  ground  makes 


a  superior  hay  for  horses,  cattle  and  sheep,  while  the  under- 
ground portion  yields  the  nuts,  which,  acre  for  acre,  is  said  to 
be  more  nutritious  than  the  best  corn  or  root  crop  that  could  be 
grown  on  the  same  type  of  land.  The  crop  may  be  pastured, 
cured  as  fodder,  or  harvested  with  a  view  to  disposing  of  the 
nuts  as  a  money  crop.  Being  a  leguminous  plant,  it  builds  up 
the  land  through  its  power  to  utilize  atmospheric  nitrogen.  Its 
roots  are  nearly  always  well  supplied  with  the  nitrifying  bac- 
teria nodules,  an  indication  that  the  plant  is  performing  this 
valuable  function.  For  this  reason  and  because  it  is  a  tilled 
crop,  which  leaves  the  soil  mellow,  it  is  well  adapted  for  rota- 
tion with  other  crops.  Furthermore,  the  crop  grows  with  a  less 
amount  of  moisture  and  on  lands  too  sandy  for  corn  and  some 
other  of  the  more  common  Hawaiian  forage  crops. 

Recognizing  the  possible  value  of  the  improved  peanut  to 
Hawaiian  agriculture,  this  Station  in  1908  imported  from  a 
leading  grower  in  Virginia  150  pounds  choice  seed  of  the  fol- 
lowing varieties :  Spanish,  Bunch  Jumbo,  Running  Jumbo,  and 
Virginia  Creeping.  These  are  illustrated  in  their  natural  size 
in  Plate  I.  The  seed  was  widely  distributed  over  the  islands 
and  a  number  of  favorable  reports  were  received  showing  that 
the  peanut  would  thrive  over  a  wide  territory.  The  best  results 
appear  invariably  to  have  been  obtained  on  light  soils  with  mod- 
erate moisture.  Heavy  soils  and  wet  locations  proved  in  most 
cases  unsuited.  These  results  have  been  largely  confirmed  in 
the  Station  experiments,  although  fair  yields  and  a  fair  quality 
of  nut  have  been  obtained  on  the  medium  heavy  and  moist 
mauka  lands  of  the  Station,  and  under  similar  conditions  in 
Kalihi  and  Manoa  valleys  on  Oahu.  But  the  nuts  grown  under 
such  conditions  are  always  more  or  less  discolored. 

The  following  table  summarizes  the  results  obtained  by  the 
Station  in  small  plantings  and  in  more  extensive  co-operative 
experiments  with  outside  growers. 
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These  yields  for  the  most  part  compare  favorably  with  the 
best  yields  obtained  in  the  leading  peanut-growing  districts  of 
the  South,  notably  the  districts  in  Virginia  and  North  Caro- 
lina, where  the  Station  obtained  its  original  seed. 

No  better  proof  of  the  adaptability  of  the  peanut  to  favor- 
able Hawaiian  conditions  could  be  given  than  to  indicate  its 
improvement  under  several  years  local  culture.  The  following 
table  gives  the  average  number  of  peanuts  in  a  pound  of  the 
select,  originally  imported  seed  stocks  in  comparison  with  the 
Hawaiian-grown  nuts  after  three  years'  selection : 


TABLE  II. 
AVERAGE  NUMBER  OP  PEANUTS  IN  POD  PER  POUND. 


Variety 

Original  seed  as 
imported. 

Hawaiian  grown 

seed  in  third 

generation. 

SDanish                         

759 
345 
352 
325 

444 

Running   Jumbo 

232 

Bunch    Jumbo    

226 

Virginia   Creeping 

Bunch  Virginia  (sport) 

245 

228 

It  will  be  noted  that  in  all  varieties  there  were  considerably 
more  nuts  per  pound  in  the  original  seed  than  in  the  Station- 
grown  stock.  This  would  indicate  that  the  Hawaiian-grown 
seed  has  increased  materially  in  weight  over  the  imported  seed. 
It  should  be  further  noted  that  this  increase  in  weight  is  not 
due  to  an  increase  in  size  of  the  pod,  but  rather  to  larger  and 
heavier  kernels^  which  is  of  far  greater  importance.  The  well- 
filled  pods  of  the  several  varieties  of  the  Hawaiian-grown  nut 
is  w^ell  shown  in  Plate  I.  This  is  in  marked  contrast  to  the 
poorly-filled  and  frequent  ^^pops/'  (empty  pods),  met  with  ii^ 
the  exceptionally  large  pods  of  the  Jumbo  varieties  during  our 
earlier  experiments.  In  selecting  for  seed,  growers  are  cau- 
tioned to  avoid  selecting  the  extra  large  pods,  which,  while  th(\v 
are  of  fine  appearance,  frequently  bear  poorly-developed  ker- 


nels.  Well-filled  pods  of  medium,  size  give  m.iicli  better  satis- 
faction in  both  yield  and  quality  of  product,  i^ot  alone  are  the 
kernels  of  the  Hawaiian-grown  nut  large  and  heavy,  but  also  is 
tbe  tonnage  yield  and  quality  high. 

The  following  are  the  average  yields  per  plant  of  sound, 
well-matured  nuts  taken  from  a  large  number  of  select  plants 
used  for  breeding  purposes:  Spanish,  145  ;  Bunch  Jumbo,  184; 
Rimning  Jumbo,  208 ;  Virginia  Creeping,  219 ;  and  Virginia 
Ibineh,  a  sport  selected  from  among  the  first  generation  of  im- 
ported Virginia  Creeping,  190.  Numerous  selections  of  Vir- 
ginia Creeping  having  yielded  250  and  more  sound  nuts.  The 
green  weight  of  such  plants  has  averaged  something  over  10 
poiuids  each,  and  the  cured  pods  have  run  about  250  seeds  per 
pound  as  against  825  pods  per  pound  of  the  imported  stock. 
A  single  plant  of  the  sport,  Bunch  Virginia,  has  yielded  280 
nuts,  weighing  one  pound  and  three  ounces. 

Plate  IT  illustrates  a  specimen  plant  of  each  of  the  five 
vjirioties  considered  in  this  bulletin  and  gives  some  idea  of  their 
lioavy  fruiting  under  favorable  conditions.  Taken  one  season 
with  another,  the  Virginia  Bunch,  Virginia  Creeping  and  Span- 
ish have  given  the  most  uniformly  good  results  from  Station 
])1  an  tings,  although  in  one  or  two  instances  the  Jumbo  type 
appears  to  have  out-yielded  either  of  the  other  sorts. 

While  the  Jumbo  and  Virginia  types  resemble  each  other 
\^ory  closely  in  habit  of  growth  and  size  and  shape  of  nuts,  the 
^^|>anish  type  is  entirely  distinct.  Instead  of  the  large,  rank 
growth  of  foliage,  and  large  nuts  which  characterize  the  other 
varieties,  the  Spanish  is  a  very  much  smaller  and  compact 
irrower,  bearing  practically  all  its  small,  well-shaped  and  closely- 
'dlod  pods  in  a  compact  cluster  centered  about  the  tap  root. 
^  '^i^  is  much  less  common  in  the  bunch  variety  of  either  the 
V  u'o'inia  or  Jumbo  type,  but  totally  absent  in  the  running  varie- 
^^('^,  in  which  the  peanuts  are  distributed  along  the  entire  length 
^^f  the  recumbent  stems. 

In  general,  it  may  be  said  that  the  nuts  of  the  bunch  varie- 
^^'^  are  much  easier  harvested  than  in  the  running  kinds,  and 


this  in  itself  recoinmends  the  type  for  culture  where  the  crop  of 
nuts  is  the  principal  object.  Being  small,  sweet  and  well 
flavored,  the  Spanish  nut  is  preferred  by  confectioners.  But 
to  eat  out  of  hand  the  large  bunch  varieties  are  more  attractive 
and  more  sought  after  by  the  local  dealers,  except  the  Orientals, 
who  prefer  the  smaller  variety.  The  running  or  flat  varieties, 
such  as  Eunning  Jumbo  and  Virginia  Creeping,  while  they 
yield  prolifically  a  large  fine  nut,  would  seem  best  adapted  for 
fodder  and  green  manuring.  Under  favorable  conditions  they 
produce  a  large  amount  of  vegetable  matter,  as  is  indicated  in 
Table  I,  which  exceeds  in  quantity  and  nutritive  value  almost 
any  other  crop  that  can  be  grown  on  light  soils  with  an  equal 
amount  of  moisture.  In  addition  to  which,  both  the  physical 
and  chemical  conditions  of  the  land  are  improved  for  succeeding 
crops  of  corn,  cotton  or  grain. 

PLANTING   AND    HARVESTING. 

In  addition  to  a  thorough  preparation  of  the  land  before 
planting,  frequent  shallow  cultivation  to  suppress  weeds  during 
the  earlier  growth  of  the  crop,  and  to  keep  the  ground  mellow, 
but  not  too  loose,  are  very  essential  to  the  best  success.  A  sandy 
or  light  gravelly  loam  seems  best  adapted  to  the  full  develop- 
ment of  both  nuts  and  vines,  although  a  heavy  growth  of  the 
latter  usually  results  on  heavier  soils  when  well  drained  and 
tilled.  Another  important  advantage  of  light  soils  is  the  avoid- 
ance of  discoloring  the  pods  which  is  likely  to  occur  in  dark  or 
red  soils  especially  when  inclined  towards  clay  and  an  over- 
supply  of  moisture. 

The  large-growing  bunch  varieties  should  be  planted  in  roAVS 
3  to  Sy2  feet  apart.  The  running  varieties  require  more  roonu 
3^/4  to  5  feet  between  the  rows  being  the  best  distance  as  indi- 
cated in  our  experience.  The  Spanish  variety  may  be  planted 
in  rows  2  to  3  feet  apart.  We  plant  2  seeds  per  running  foot 
of  row  for  all  varieties,  which  has  proved  entirely  satisfactory. 
It  should  be  here  noted  that  in  the  experimental  plantings  all 
test  rows  are  placed  5  feet  apart  and  the  comparatively  lo^v 


yields  of  the  Spanish  peanut  shown  in  the  table  of  acre  yields  is 
due  to  this  fact;  placing  the  rows  2^/4  feet  apart  would  in  most 
cases  almost  double  the  yield.  Planting  is  best  done  by  running 
shallow  furrows  at  proper  distances  apart.  A  six-  or  eight-inch 
mould-board  plow  set  to  run  not  over  4  inches  deep  will  answer 
the  purpose  admirably,  or  the  drills  may  be  made  with  a  hoe. 
Drop  the  seed  by  hand  and  cover  1  to  3  inches  deep,  according 
to  type  of  soil  and  moisture;  light,  dry  soils  requiring  the 
deeper  planting.  If  very  mellow,  the  soil  should  be  firmed 
above  the  seeds,  a  light  roller  or  the  feet  answering  the  purpose 
well.  If  only  a  small  quantity  is  to  be  planted  the  seed  had 
better  be  shelled,  as  nothing  but  perfect  kernels  may  then  be 
selected.  Owing  to  the  tedious  operation  of  shelling  the  nuts, 
in  extensive  plantings  it  may  be  more  practical  to  merely  break 
the  pod  in  two,  or  they  may  be  planted  whole,  in  Avhich  case  the 
germination  is  somewhat  slower,  but  otherwise  satisfactory  if 
sound  nuts  are  used.  Unless  several  acres  are  to  be  planted,  it 
will  probably  not  pay  to  purchase  a  planting  implement, 
although  these  are  not  expensive  and  are  said  to  do  excellent 
work.  The  ordinary  corn-planter  may  also  be  adjusted  to  do 
satisfactory  planting. 

The  young  plants  must  be  kept  free  from  weeds  and  should 
l)e  frequently  cultivated.  If  a  hand  wheel-hoe,  such  as  the 
^Tlanet,  Jr.''  or  the  ordinary  one-horse  five-tooth  cultivator  with 
proper  attendants,  is  used  in  season,  little  or  no  hand-hoeing  will 
l)e  necessary.  After  the  plants  begin  to  flower  they  should  be 
disturbed  as  little  as  possible.  Unless  the  season  turns  very 
dry,  the  vines  remain  a  deep-green  color  almost  up  to  the  time 
of  harvest  and  it  is  well  to  pull  a  vine  from  time  to  time  to 
determine  the  stage  of  maturity.  While  they  should  not  be 
harvested  too  early,  permitting  the  nuts  to  remain  in  the  ground 
'^fter  a  certain  stage,  especially  if  the  season  is  wet,  is  taking  a 
^'i^k  of  losing  part  of  the  crop  through  the  germination  of  the 
more  mature  and  best  seed.  It  appears  to  be  impossible  to 
pormit  the  late-maturing  nuts  to  ripen  in  the  ground  and  at  the 
^^^'^^e  time  save  those  maturing  early,  unless  the  soil  and  season 
'^"'0  exceptionally  favorable,  and  no  set  rule  can  be  given  when 


to  harvest.  It  requires  140  to  170  days  for  the  crop  to  mature 
under  ordinary  conditions.  As  early  in  the  spring  as  the  ground 
can  be  made  friable  is  the  best  time  for  planting.  As  large  a 
part  of  the  nuts  as  possible  should  be  permitted  to  mature  under 
ground  and  then  harvested  with  vines  attached,  in  which  condi- 
tion they  may  be  cured,  either  in  tall  slender  shocks  made  by 
stringing  the  plants  on  a  pole  driven  upright  in  the  ground,  out 
of  doors,  or  hung  over  lines  in  a  well-ventilated  shed. 

When  fully  cured  the  nuts  are  picked  off  the  vines  and 
sorted.  These  latter  operations  are  the  most  tedious  in  the 
whole  production  of  the  crop  and  unless  done  by  cheap  and 
skillful  labor  may  consume  most  of  the  profits.  In  this  connec- 
tion, as  well  as  in  general  methods  and  results,  the  experience 
of  the  w^riter,  who  grew  privately,  in  1908,  a  third-acre  of  the 
four  varieties  under  consideration  may  be  of  interest. 

Planted  in  the  Manoa  Valley  in  a  well-prepared  virgin  soil 
of  a  medium  gravelly  loam,  which  was  covered  with  a  heavy 
growth  of  guava  the  previous  year,  the  crop  grew  luxuriantly 
and  proved  of  'Easiest  possible  culture.  By  using  select  shelled 
fiood,  strong  germination  and  a  full  stand  were  obtained.  The 
crop  was  planted  in  July.  Two  seeds  were  planted  in  a  hill, 
a  foot  apart,  in  rows  4  feet  apart.  This  permitted  of  horse- 
cultivation  up  to  the  flowering  stage,  after  which  the  crop 
received  no  further  attention  until  harvested.  The  general  crop 
matured  in  about  150  days,  the  Spanish  variety  matured  some- 
what earlier,  but  all  varieties  were  dug  at  the  same  time.  Har- 
vesting was  facilitated  by  loosening  the  plant  with  a  broad- 
tined  spading-fork  thrust  under  the  hill,  which  permitted  pull- 
ini>'  out  the  plant  with  practically  all  the  nuts  adhering.  Cal- 
culated to  acre  yields,  the  following  results  were  obtained: 
Spanish — 1,965  pounds  nuts,  2,550  pounds  cured  tops;  Bunch 
Jumbo — 1,450  pounds  nuts,  2,925  pounds  cured  tops;  Emi- 
ning  Jumbo,  1,680  pounds  nuts,  3,870  pounds  cured  tops;  Vir- 
ginia Creeping— 1,760  pounds  nuts,  3,150  pounds  cured  tops. 
In  this  experiment,  the  two  Jumbo  varieties  gave  the  smallest 
yields  of  nuts,  due  to. the  fact  that  the  fine  large  pods  consisto<l 


of  a  large  percentage  of  '^^pops''  (empty  pods).  Excellent  as  were 
these  fields,  there  can  be  no  question  but  that  a  considerably 
increased  yield  would  have  resulted  from  closer  planting, — for 
the  Spanish  variety,  say  2y2  feet,  and  the  other  varieties  ^V2 
feet  apart.  The  crop  sold  readily  at  6  cents  per  pound  except  the 
Spanish  variety,  which  was  sold  in  part  at  5  cents  per  pound,  and 
the  balance  was  retained  for  home  use  in  preference  to  any  of  the 
other  varieties.  The  cash  value  of  the  nuts  calculated  to  acre 
yields  alone  was  as  follows:  Spanish,  $98.00;  Bunch  Jumbo, 
$87.00;  Eunning  Jumbo,  $100.80;  Virginia  Creeping,  $105.60. 
The  cost  of  production  up  to  the  time  of  harvest  did  not  exceed 
$20.00  per  acre,  but  the  cost  of  stripping  the  nuts  from  the 
vines  and  sorting  them  afterwards  amounted  to  almost  2  cents 
])or  pound,  or  an  average  of  approximately  $35.00  per  acre. 
This  makes  a  total  cost  of  about  $55.0  per  acre  to  place  the 
crop  in  bags  ready  for  market.  Doubtless  this  expense  w^ould 
be  materially  lessened  with  a  more  extended  experience,  espe- 
cially if  wouum  aud  children  could  be  employed  for  the  lighter 
l)]it  more  tedious  work  of  picking  and  sorting  the  nuts.  In  the 
above  estimates  no  credit  has  been  allowed  for  the  cured  tops. 
These  gave  an  average  yield  of  approximately  iy2  tons  of  cured 
fodder  per  acre.  At  a  low  estimation  these  should  be  worth 
$12.50  per  ton,  or  an  added  value  of  $18.75  per  acre,  about  the 
cost  of  producing  the  whole  crop  up  to  the  harvest  stage. 
Nmuerous  reports  of  the  profitable  culture  of  the  peanut  for 
l)ome  use  have  come  to  the  Station.  The  Kamehameha  Girls' 
School  recently  reported  harvesting  93  pounds  of  sound  nuts, 
fi'om  a  piece  of  ground  26  x  50  feet  square.  This  is  equivalent 
to  over  3,000  pounds  of  nuts  per  acre.  While  the  work  of  strip- 
j>nig  the  nuts  was  found  the  most  difficult  part  of  their  culture, 
"cre  as  elsewhere,  it  was  in  this  case  overcome  by  student  labor, 
^  i^uggestion  for  the  utilization  of  our  large  population  of  school 
youth  during  vacation  periods.  To  those  acquainted  with  whole- 
"^ome  and  profitable  employment  created  by  the  lighter  work 
anout  the  orchards,  vineyards  and  hop-fields  in  California  and 
f'lsewhere,  this  suggestion  will  not  seem  impracticable.     One  of 


our  prominent  citizens  has  suggested  this  as  a  possible  solution 
of  the  labor  problem  in  picking  cotton,  should  that  industry 
become  established  in  the  islands,  and  the  same  service  could 
douibtless  be  utilized  in  other  ways. 

USES   OF   THE   PEANUT. 

Some  of  the  principal  uses  of  the  peanut  have  already  been 
touched  upon.  At  first  thought  the  cash  value  of  the  nut  crop 
might  be  considered  of  greatest  importance,  but  in  Hawaii, 
whore  the  cost  of  nitrogenous  feed-stuffs  is  exceptionally  high, 
and  in  great  demand,  the  fodder  value  of  the  plant,  including 
the  nuts,  may  prove  more  valuable  than  for  any  other  purpose. 
With  live  hogs  at  10  cents  per  poimd,  as  at  present,  and  for  a 
decade  past,  there  would  appear  to  be  more  profit  in  feeding  the 
crop  to  hogs  than  in  disposing  of  the  crop  in  any  other  way. 
The  Alabama  Experiment  Station  found  that  hogs  run  on  pea- 
nut pasture  produced  a  pound  of  pork  on  the  following  amounts 
of  grain:  Peanuts,  1.77  pounds;  cow  peas,  3.07  pounds; 
sweet  potatoes,  3.13  pounds;  sorghum,  3.70  pounds.  The 
Arkansas  Station  reports  that  one-fourth  of  an  acre  planted  to 
peanuts  produced  313  poimds  of  pork  as  compared  to  109 
pounds  from  a  plat  of  the  same  size  planted  to  corn.  Many 
other  results  could  be  quoted  to  show  the  superior  feeding  value, 
pound  for  pound  and  acre  for  acre,  of  peanuts  over  any  other 
feed  that  can  be  grown  where  peanuts  thrive.  Analyses  show 
peanut  hay  to  have  a  higher  feeding  value  than  California  wheat 
hay,  and  approaching  that  of  alfalfa.  In  the  South  it  is  exten- 
sively fed  to  horses,  mules,  cattle  and  sheep,  and  milch  cows 
respond  to  the  ration,  while  all  kinds  of  poultry  relish  both  the 
fodder  and  seed.  The  advantages  of  feeding  the  crop  on  the 
farm  are  two-fold.  In  the  first  place,  the  large  item  of  expense 
in  picking  and  grading  the  nuts  is  eliminated,  and  secondly  the 
valuable  by-product,  manure,  is  retained  for  further  enriching: 
the  land. 

As  human  food  the  peanut  is  constantly  gaining  in  favor, 
and  forms  a  re2:ular  article  of  diet  in  manv  households.    Peanut 
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butter  is  a  staple  article  of  commerce  and  is  highly  recom- 
mended by  many  physicians.  Every  kitchen  garden  should  con- 
tain a  small  patch  of  peanuts  for  home  consumption.  The  soil 
will  be  left  in  better  condition  thereby  than  if  left  fallow  and 
run  over  with  weeds.  It  is  one  of  the  few  crops  grown  by  the 
Station  not  excessively  attacked  by  insect  pests. 
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The  Management  of  Pineapple  Soils 
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INTRODUCTION. 


The  cultivation  of  pineapples  in  Hawaii  has  developed  dur- 
ing the  past  fifteen  years  into  one  of  the  important  agricultural 
industries  of  the  islands.  '  This  crop  for  the  most  part  has  been 
grown  on  virgin  soils,  which  produced  large  yields  of  excellent 
fruit,  and  this  naturally  encouraged  a  rapid  expansion  of  the 
industry.  While  a  small  part  of  the  land  is  owned  by  the  grower, 
by  far  the  greater  part  of  the  crop  is  grown  on  leased  land. 
From  the  beginning  the  pineapple  growers  have  been  controlled 
largely  by  the  idea  of  getting  out  of  the  land  maximum  crops  at 
a  minimum  of  cost,  and  with  little  forethought  for  the  perma- 
nence of  the  industry  or  the  maintenance  of  the  soil.  Pineapples 
constitute  practically  the  only  crop  that  is  cultivated  on  these 
lands.  The  continuous  growing  of  any  one  crop  on  the  same  soil 
IS  likely  to  be  attended  with  certain  difficulties  and  can  hardly 
be  said  to  belong  to  a  system  of  permanent  agriculture.  The 
^ore  especially  is  this  true  when  it  is  applied  to  soils  contain- 
iiig  large  percentages  of  finely  divided  ferric  hydrate  and  small 


amounts  of  humus;  soils  that  under  the  prevailing  conditions 
naturally  require  the  most  intelligent  management.  There  need 
be  little  cause  for  surprise,  therefore,  that  conditions  have  arisen 
which  at  the  outset  were  unsuspected  and  which  are  hindrances 
to  the  continued  welfare  of  the  industry. 

A  large  part  of  the  pineapple  crop  is  grown  on  the  upland 
plains  of  Oahu,  principally  in  the  Wahiawa  and  adjacent  dis- 
tricts. The  discussion  in  the  following  pages  has  been  drawn 
largely  from  observations  and  a  study  of  the  conditions  and  soils 
in  the  Wahiawa  district,  although  the  deductions  apply  equally 
well  to  similar  soils  throughout  the  islands. 

As  pointed  out  in  previous  AnnuaP  Eeports  of  this  Station, 
pineapple  soils  have  been  the  subject  of  investigation  at  the 
Experiment  Station  for  more  than  two  years.  In  1909  a  pre- 
liminary report t  was  issued  in  which  it  was  pointed  out  that 
the  pineapple  soils  of  Oahu  may  be  divided  into  two  classes  as 
regards  color— viz.,  black  and  red  soils.  In  this  report  some  of 
the  peculiarities  of  the  black  soils  were  emphasized.  Since  then 
each  of  these  classes  of  soil  has  been  under  continued  investiga- 
tion, which  has  resulted  in  the  bringing  together  of  a  large 
amount  of  scientific  data.  In  the  present  bulletin  it  is  purposed 
to  present  the  more  practical  phase  of  this  work  in  so  far  as  it 
relates  to  the  management,  of  the  red  soils.  What  follows, 
therefore,  has  no  reference  to  the  black  manganiferous  soils. 
The  failure  of  pineapples  there  is  due  to  altogether  different 


causes. 


THE  CONDITIONS   IN   THE   FIELDS. 

For  some  time  the  growers  have  realized  that  in  some  way 
not  definitely  understood  by  them,  their  soils  after  a  few  years 
of  cultivation  begin  to  show  indications  of  exhaustion.  In  gen- 
eral  the  first  crop  and  the  one  or  more  rattoons  following  it  are 

RepriaS^  ""^^"^'"^^  composition  of  these  soils,  see  Hawaii  Sta,  An. 
t  Hawaii  Sta.  Press  Bui.  No.  23. 


quite  satisfactory,  but  subsequent  plantings  result  in  dimin- 
ished harvests.  As  already  pointed  out,  pineapples  constitute 
practically  the  only  crop  that  is  cultivated  on  these  soils.  Before 
replanting  a  field  it  is  customary  to  haul  off  and  remove  all  of 
the  old  plants,  thus  taking  from  the  land  every  vestige  of  plant 
residue  produced  thereon.  From  15  to  24  months  being 
required  for  the  production  of  the  first  harvest,  followed  by  one, 
two  or  three  rattoon  crops  of  one  year  each,  makes  necessary  the 
continued  cultivation  of  the  land  for  three  or  four  years.  Gen- 
erally the  virgin  soil  is  porous  and  naturally  absorbs  and  drains 
away  excessive  rains  before  the  water  becomes  stagnant  in  the 
soil,  and  brings  about  a  water-logged  condition.  After  the  virgin 
soil  has  undergone  the  necessary  preparation  to  insure  good 
tilth,  it  is  granular  and  porous.  It  has  what  the  farmer  calls 
a  shotty  texture. 

After  a  few  years  cultivation,  however,  there  is  brought 
about  a  noticeable  difference  in  the  appearance  of  the  soil.  It 
loses  its  granular  texture,  tillage  becomes  more  difficult  and  nat- 
ural drainage  is  retarded.  Following  a  heavy  rain  the  soil 
becomes  compact,  and  dries  out  into  a  hard  mass  which,  unless 
it  is  cultivated  before  thoroughly  drying  out,  becomes  almost 
solid.  The  same  condition  may  be  brought  about  even  during 
the  early  growth  of  the  first  crop  by  an  overflow  of  the  ditches 
during  excessive  rains,  which  frequently  cause  the  pineapples  to 
show  a  stunted  growth  from  which  they  rarely  recover.  Usually 
the  second  planting  even  on  soils  that  produced  abundant  har- 
vests, results  in  greatly  reduced  yields. 

LACK   OP   DRAINAGE. 

The  reduction  of  the  pineapple-producing  power  of  these 
soils  has  called  for  inquiry,  both  by  the  farmer  and  by  the  Sta- 
tion. Various  expedients  such  as  fertilizers,  lime,  manure,  etc., 
have  been  tried,  and  often  with  indifferent  success.  Without 
excluding  other  possible  factors  it  has  been  recognized  for  some 
time  that  the  fundamental  difficulty  is  associated  with  inade- 


quate  drainage,  that  under  the  existing  conditions  the  water- 
holding  power  of  the  soil  becomes  greatly  increased,  that  perco- 
lation and  consequently  drainage  is  hindered  by  the  methods 
employed.  In  the  old  fields  there  are  generally  isolated  plants 
or  small  areas  that  are  more  thrifty  than  the  surrounding  plants. 
Close  examination  has  shown  that  the  more  thrifty  plants  are 
found  on  slight  elevations  such  as  a  back  furrow  or  ridge  made 
by  throwing  together  two  furrows,  etc.  Upon  pulling  up  the 
unthrifty  plants  the  roots  are  often  found  to  be  dead,  except 
perhaps  one  or  two  small  roots  near  the  surface.  Sometimes 
only  one  root  barely  beneath  the  surface  of  the  soil  is  the  only 
living  subaereal  part  of  the  plant.  The  underground  part  of 
such  plants  is  frequently  undergoing  putrefactive  decay,  and 
even  several  days  after  rains  they  may  be  surrounded  by  a  wet 
soil  containing  stagnant  water. 

The  pineapple,  like  all  cultivated  plants,  requires  free  circu- 
lating air  around  its  roots;  it  demands  oxygen  just  as  animal 
life  requires  it.  Probably  nothing  is  more  effective  in  prevent- 
ing proper  aeration  in  soils  than  stagnant  water,  or  a  water- 
logged condition  in  which  the  inter-spaces  or  pores  of  the  soil 
are  more  or  less  completely  filled  with  water.  Air  is  then 
largely  excluded,  the  necessary  oxygen  is  shut  out  and  condi- 
tions imfavorable  to  plant  growth  ensue.  Under  such  condi- 
tions the  soil  bacteria  can  not  perform  the  functions  so  neces- 
sary in  the  preparation  of  plant  food,  and  fertilizers  can  not  do 
their  normal  duty.  Evidently  the  development  of  roots  near 
the  surface  of  the  soil,  above  referred  to,  is  an  effort  by  the  plant 
to  secure  oxygen  through  its  absorptive  organs. 

The  introduction  of  surface  ditches  has  usually  been  bene- 
ficial, but  rarely  of  itself  restores  the  soil  to  its  original  fertility, 
and  not  even  when  used  in  conjunction  with  liberal  quantities  of 
high-grade  commercial  fertilizers.  It  has  been  suggested  that 
under  the  influence  of  a  tropical  sun,  continuous  cultivation 
would  brmg  about  an  oxidation  of  the  soil  organic  matter. 
Humus,  as  is  well  known,  has  the  property  of  making  heavy 
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Introduction. 

The  yellowing  of  pineapples  on  the  black  manganese 
soils  of  the  island  of  Oahu  has  been  a  serious  problem  to 
the  growers  for  a  number  of  years.  The  yellowing  of  the 
leaves  of  the  pineapple  plant,  the  stunted  red  or  pink  fruits, 

'Note: — This  press  bulletin  is  a  condensation  (in  popular  form) 
of  a  forthcoming  publication  of  this  station  in  which  the  work  accom- 
l>h\shed  is  given  in  much  fuller  detail,  especially  as  regards  its  scien- 
tific aspects  and  its  relation  to  other  investigations  along  similar 
^mes.  It  has  been  known  for  a  good  many  years  that  soils  containing 
excessive  quantities  of  limestone  may  cause  a  chlorosis  or  yellowing 
f*L  certain  plants  grown  on  them.  Treatment  with  iron  salts  has  been 
used  in  some  cases  of  such  chlorosis  of  grape  vines  and  fruit  trees  in 
-ranee,  England,  and  elsewhere  for  a  number  of  years.  Gile  of  the 
l^orto  Rico  Experiment  Station  [Bui.  No.  11  (1911)  ]  found  a  chlo- 
'"'sis  of  pineapples  on  certain  Porto  Rican  soils  containing  large 
'^uantities  of  calcium  carbonate  (limestone)  derived  from  coral  sand. 
0  manganese  has  been  reported  in  these  Porto  Rican  soils.  Gile 
I'Und  that  iron  solutions  applied  to  pineapple  leaves  suffering  from 
■'is  lime-induced  chlorosis  on  these  limestone  soils  resulted  in  the 
'' storation  of  the  green  color  but  he  did  not  consider  this  method 
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many  of  which  ri'ack  o])QU  and  docay,  and  oihei'  toxic  oflocls 
of  the  niano'ancs'?  scjIIs  ai'-;'  laniilicir  to  th()s(^  inlei'csU'd  in 
pineappk^  culUu'o  in  the  Islands.  Prc-xious  work  by  tin's 
slalioTi  has  shown  tlia.l  tills  yoliowino'  is  correlated  with 
ihc  f)rcs(^iu-t^  of  ahnorniaily  !ar.u'(^  -nirinlil  ios  of  nuui^^^ancs.- 
in  (ht  sol!  and  thc^  cha^^!cl(:risiic  (■■(lects  ot  th<-  nian-i.'an<-sc 
h.'i\(^  been:  (ics.'i  iixMl  in  pi't^N'ions  hniulins  of  this  station.' 

Fi'oni  a  stndy  of  th(^  ash  .-incdyses  (d'  (h'lIVi'eMit  kinds  ot 
plards,  i1  was  {oun.d  tiiat  1hc  p>hints  to  which  th(^  nia?^o'anos(^ 
soil  appc\*i)*(Hl  toxic,  sucii  .-ks  pi]]eappl(\  corn,  j)io-eon  pea, 
etc.,  iiavc  k'^s  iron  in  their  ash  when  o-i-own  on  niano'ar)i- 
terous  soils  than  wln^i  o-rown  on  normal  soils.  Ash  ■  (d' 
-iiK'h  plants  <is  o-nnxas  rind  wecHJs  o'rowdno-  uild  on  the  man 
iranese  soils  wilhout  a[)parent  ill  (diects  s1iow(mI  no  decr<-isr 
in  iron,  yieldino-  -v(mi  moiv  ii-on  than  wIkmi  i>:rown  on 
normal  soils.  Thv  oAhi^v  ekMiients  in  the  ash  showcMl  no 
snch  significant  vai*iati(aK  It  thus  <ippeare(l  that  lln^  un- 
lu^alty  o-i"(>WLh  on  ti](^  m,an<>-an(\se  soil  was  duv  to  lack  o(* 
iron  in  the  plants  and  that  th(^  plants  wei'e  su[re}'in,o:  d'om 
iron  starvation  in  spiU^  of  the  ai)noj'mally  laro-e  (pumtities 
of  iro]]  prescMd.  in  the  n]an<>anes(^  soils.     A  small  amount  of 


()!  tivalmcnt  (u-oiioniK  iO'h  prnrt  i.  n  i^lc,  Thv  f!;im(>  -chlorosis"  is  a 
p>n(M-ai  (Mm  lor  u  diseased  oi-  unheahhy  condition  shown  by  the 
OSS  ol    the  oT.vn   coloring-   nialtcr.      This   cidorosis   oi-   vcllowinK  inay 


i'(\sull     Froni    a    nunduM'    oi    cai(>(\>- 
drainaKt',    tKuctcrial    ('fi'ccls,    i^U 


siicii    ;is    hick    <d'    niilrinuMit,    pool' 
'^s    sii(di    a    \ari(^ty    of    caus(>s    niav 


;»wi.,/.,»  .,    ,.  M       •  1'  .1       ,  .-M^  I,    <i    '.ctijeiv    oi    c,aus(>s    n  a\ 

"    uc       ,      H.nv,nK.o,     he   |,     ,,.,  ,„■  u    plant,  an<l   as  1J,e   nmui^uu... 
;      ,M,  '.''  ."''^\'l"^'''  ^'^""l'^  '■'».(..]„   „o  iimr.slo.u.  an.l   so  sHpall   aa 

I        '">',.   Ihal     h.y  are  an.l   U.   litmus,   it    ha<l   not   ,„-,.vi„uslv 
I.      „1      (ha  tlurk   „.    noa   ha<l   any  .oan.H-lion    vvith    llu-   '■„..,,;■ 
•      .s.  ■  ,       .;.         ,''"'     '=';■;".''".'   pineapples,  especially  as  the  .nan 
oi   ir^m  niV       n     '■'■""■'■'    '"■'■'".   '"   ''■•"•'  "'"laininK   fron.    10  lo  :;()', 
soi        ene       o   ,  ,  rVT'.T'S',''    '^"f''   ''""•"  quantities  of  iron   in   the 


II  aw 


KelUiy,  VV.   P„  Hawaii  St;a.   Pjes, 


au-aii  Sta.  Mnl.  2(i  ( H)12)  ;  VVileo.    !■    V    ami    <  "^ 
dfi:    Hilt  t>s   ( \\)\9,)  ,  !<    \ ,  Him  i\m\(* 


Ikik  2H   (1908);  Kelley,  W.  J*=, 

'  ■"  ■■  y,  W,  \\,  Hawaii 


tilFT  OF 
tS'^ATE   OF 
MstlCtt  HASSE  BaiffS 


n 

ii-oti  is  necessary  I'or  tlie  (level ()r)meiit  of  cliloropliyl  (the 
green  coloring  matter  of  the  |)hiiit)  and  the  consequent 
health  and  vigor  of  the  plant. 

SOM'MAKY    OF    EXFEillMENTS     IN     SUPPLYINCl    IRON     TO    THK 

Plants. 

hlxpeii merits  in  snp|)lying"  ii'on  salts  to  ttie  pinea.pplo 
Ijlants  snil'erinii  toxic  eU'ects  on  manganese  soil  have  con- 
firmed the  conclusions  derived  from  ash   analysis,  as  the 


Fig-.  1.     Front  View  of  E,xperimciitu]  Spraytr. 

y.:hl<,)w  pla.nts  treated  l.iecame  green  in  a  short  time  and 
'•'ounnenced  a  vigorous  growth.  The  application  of  solu- 
l^ons  of  ii'on  salts  to  the  leaves  was  tlie  only  promising 
trcalment.  Addition  of  acids,  of  solutions  of  iron  salts, 
;uk1  of  sohai  iron  salts  to  the  soil  appeared  of  little  value. 
Ferric  chloi'id  (chlorid  of  iron)  gave  more  rapid  results 
than  sulphate  of  iron  (copperas),  but  because  of  the  much 
higher  price  of  the  foi*mer  and  its  tendency  to  burn,  the 
(jlants,  copperas  is  preferred,    Iron  sulphate  solutions  con- 
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tmnhw  a  small  amount  of  acid,  such  as  oil  of  vitriol  (Sul- 
phuric" acid),  acetic  add,  or  acid  waste  pineapple  juice, 
were  slightly  more  effective  than  iron  sulphate  alone  in 
restoring  the  normal  green  color,  but  moi-e  burning  to  the 
plants  was  noticed.  The  addition  of  small  (luantities  ol 
nitrate  of  soda  to  the  solution  of  iron  sulphate  applied  to 
the  leaves  gave  slightly  more  rapid  restoration  of  the  green 
color.  Inasmuch  as  the  after-effects  of  repeated  sprayings 
with  mixtures  containing  nitrate  of  soda  have  not  as  yet 


Fig. 


Rear  View  of  Experimental  Sprayer. 


been  observed  it  is  too  eai'ly  to  advise  definitely  in  regard 
to  its  use,  especially  in  view  of  the  known  injurious  cITects 
of  sodium  nitrate  when  applied  directly  to  pineapple  soils. 
Sulphate  of  ammonia  similarly  added  seemed  to  have  no 
immediate  effect,  but  some  benefit  may  be  expected  from 
the  iiart  of  tlie  s};)ray  that  reaches  the  soil. 

From  a  comparison  of  solutions  of  various  iron  salts, 
of  various  strengths  of  solution,  of  solutions  containing  acid, 
of  various  numbers  of  applications,  and  of  various  methods 
of  application  in  the  treatment  of  the  yellow  plants  ob  man- 


^anese  soil,  the  most  economical  and  effective  treatment 
appeared  to  be  three  or  four  applications  of  an  approxi- 
mately 8  per  cent  solution  of  iron  sulphate  (32  pounds  of 
copperas  to  50  gallons  of  water)  sprayed  from  above. 

Field  Experiments. 

The  cooperative  field  experiments  in  spraying  extensive 
areas  of  yellow  plants  on  manganese  soils  with  copperas 
solution  have  been  very  successful,  the  plants  becoming 
green  and  vigorous.  The  effect  on  the  stunted  red  fruit 
was  striking,  the  normal  healthy  green  color  developing 
and  very  rapid  growth  taking  place. 

The  Sprayer  Used. 

Figures  1  and  2  show  the  front  and  rear  views  of  the 
experimental  sprayer  used.  This  sprayer  was  designed  by 
Mr.  Simes  T.  Hoyt,  of  the  Hawaiian  Pineapple  Co.,  and 
was  built  at  a  low  cost  by  the  plantation  blacksmith.  The 
sprayer  is  mounted  on  a  single  iron  wagon  wheel  so  that 
turning  is  easy  at  the  end  of  the  rows.  A  carbonic  acid 
tank  in  the  rear  furnishes  pressure  sufficient  for  spraying 
about  80  acres,  according  to  the  method  used.  Recharging 
the  carbonic  acid  tank  costs  $4.00.  This  tank  is  connected 
with  a  30-gallon  tank  in  front  holding  the  iron  sulphate 
solution.  A  gauge  on  the  30-gallon  tank  shows  the  pressure, 
which  is  kept  at  about  30  to  40  pounds  when  spraying.  A 
pipe  leads  from  this  tank  to  the  spray  nozzles  which  cover 
the  two  rows  on  either  side  of  the  machine.  When  the 
sprayer  is  drawn  at  a  reasonably  fast  walk,  spraying  four 
rows  at  once  and  using  13  gallons  of  solution  to  an  acre, 
about  20  acres  per  day  are  covered. 

Spraying  Costs. 

Since  a  preliminary  newspaper  announcement'  of  the 
benefits  to  be  derived  from  spraying  with  solutions  of  iron 
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sulphate  the  plants  suffering  from  "manganese  yellows/' 
practically  all  pineapple  plantations  on  the  Islands  have 
experimented  with  different  sprayers  using  the  iron  spray. 
So  far  success  has  everywhere  been  reported.  The  cost  of 
spraying  with  all  these  different  sprayers  has  been  con- 
sidered negligible  in  compar  son  with  the  other  expenditures 
necessary  in  the  raising  of  pineapples.  With  the  experi- 
mental sprayer  described  above,  the  cost  amounted  to  ap- 
proximately 60^  an  acre  per  spraying.  Due  to  the  low  cost 
of  spraying,  the  relative  cost  of  operation  of  different 
sprayers  need  not  be  compared. 

Main  Field  Experimfnt. 

As  the  various  growers  all  report  success  from  spraying 
with  iron  solution,  it  is  deemed  unnecessary  to  give  in  this 
publication  all  the  proofs  of  the  practical  value  of  the  treat- 
ment. A  few  details  of  the  main  field  experiment  will  be 
given. 

This  main  experiment  was  in  a  large  field  in  Helemanu 
where  the  plants  were  very  yellow  and  were  setting  the 
characteristic  stunted  red  fruit.  With  the  exception  of 
the  check  rows,  the  part  of  the  field  chosen  for  this  experi- 
ment was  gone  over  four  times  with  a  hand  sprinkler  con- 
taining a  solution  of  10  pounds  of  copperas  to  50  gallons 
of  water,  after  which  it  received  ^three  sprayings  with  the 
machine  described  above.  Two 'if -foot  rows  were  left  un- 
treated as  checks  and  two  more  received  only  a  single  spray- 
ing. The  two  rows  adjoining  the  unsprayed  rows  were 
held  for  comparison  with  them. 

The  effect  of  the  treatment  on  the  yellow  plants  was 
quite  striking,  both  the  plants  and  fruit  becoming  green, 
the  fruit  showing  especial  stimulation.  Figure  3  shows 
the  sprayed  and  unsprayed  rows  about  a  month  after  the 
treatment  applied  in  April,  1916.  A  comparison  of  the 
fruit  on  the  unsprayed  and  sprayed  rows  indicated  the 
value  of  the  treatment.  A  short  summary  of  the  yields 
on  the  sprayed  and  unsprayed  rows  is  given  in  the  follow- 
ing table: 
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Discussion  of  .  Table. 

All  examination  of  the  table  shows  the  practical  value 
of  tlie  iron  spray  treatment.  Full  details  of  this  experiment 
will  be  given  in  the  larger  fortheoniing  publication  of  this 
station. 

Figure  '1  shows  the  sprayed  and  unsprayed  rows  (June 


19,  Ji)16).     Rows  Spraved  in 
ed  Rows  Coil  left). 


.  ;>..     Main  Field   Kxpei-imetit    (Ma 

April  (on  right)  \8.  IJnspr 

(Note  llip  diminutive  stunted  fruits  on  tlie  lel't.     The  phoio^^ 

graph  fails  to  show  the  >-dlow  color  of  the  uimpi'iiyed  iilaiits.) 


'50,  191(5).  Tliis  view  is  taken  about  half  way  along  the 
rows  looking-  south.  On  the  uiisp rayed  row  can  be  seen 
the  pUuits  classified  in  the  table  as  (a)  bearing  decayed 
ftaiit,  (b)  very  yellow  with,  no  evidences  of  blossom,  and 
(c)  as  plants  dead.  Nearly  all  the  fruits  from  the  un- 
sp rayed  rows  had  to  be  classed  as  No.  2,  because  of  their 
small  diameter  and  undesirable  shape.  Besides  this,  the 
very  inferior  quality  of  the  manganese  fruit  is  well  known. 
The  cylindrical  development  of  the  fruit  observed  in  the 
sprayed  rows  is  much  desired  by  the  canneries,  as  this 
sliapc  causes  least  waste  in  sizing  for  the  cans. 


9 

Although  ilie  I'ow.s  reeoiviiig  a  sitigle  spraying  had  only 
a  slight  greenish  tinge,  an  increase  in  yield  from  the  single 
spi'aying  is  to  be  seen  f:roni  the  tal)le. 

I'RACTICAL  Advice  as  to  the  Treiatment  of  Ma,N(!anj- 
FEROus  Soils. 

Altliougli  the  tiilile  demonstrates  the  pi'aciical  value  of 
iron  spray  treatment,  even  when,  applied,  as  in  this  ease, 


KiK\  4.      Main  l<'iei(l  Experiment  (June  Hi),  ivni).     Sj»rayecl  Mows  (on 

left  (and  characteristic  effects  of  manganese  soil'  in  un- 

sprayed  rows    (on   right). 

to  plcuits  siitl'miiig  cUirin.g  the  greater  iiart  el"  their  fieriocl 
•jI'  growth  from  hick  of  suOieient  iron,  such  late  sprayings 
'ire,  however,  not  advised.  The  J'ollowing  is  a  suggested 
plan  of  p];x)cedure. 

(jive  young  planting  on  manganese  soil  a  single  spraying 
<n-ery  two  to  fonr  mx)nths,  using  the  color  and  appearance 
'^1*  the  plants  as  an  indication  of  their  need  of  spraying. 
^l>Fay  th,e  plants  when  any  in,dieatioris  of  yellowing  or  otlier 
ill  effects  appear,  the  idea  being  to  give  the  plants  sufRcient 
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iron  to  keep  them  green  and  healthy.  Give  plants  that  are 
already  yellow  three  or  four  sprayings  at  intervals  of  a 
week,  and  spray  as  necessary  to  keep  them  green  and 
healthy. 

For  the  present  the  use  of  iron  sulphate  only  in  the 
spraying  solution  is  recommended.  The  application  of  small 
quantities  of  a  fairly  strong  solution  in  the  form  of  a  fine 
mist  appears  most  effective  and  economical.  No  injurious 
burning  effects  have  been  observed  even  on  young  plants. 

For  this  method  of  application,  dissolve  about  32  pounds 
of  copperas  crystals  in  50  gallons  of  water  and  apply  at  the 
rate  of  about  13  gallons  per  acre.  For  sprayers  which  take 
larger  quantities  of  solution  to  cover  an  acre,  use  less  cop- 
peras to  the  50  gallons  of  water,  the  idea  being  to  apply 
about  10  pounds  of  copperas  per  acre  per  spraying. 

In  the  preparation  of  the  manganese  soils,  when  com- 
mercial fertiUzers  are  to  be  used,  soluble  phosphates  and 
nitrogen  as  sulphate  of  ammonia  or  in  organic  forms  are 
recommended.  Nitrate  of  soda  should  not  be  used.  Where 
stable  manure  or  other  humus-forming  materials  can  be 
applied  at  a  reasonable  cost,  their  use  is  advised. 

The  decreasing  yield  of  pineapples  with  the  continuous 
cropping  of  non-manganese  soils  is  well  known  and  it  is 
improbable  that  the  manganese  soils  will  continue  to  give 
satisfactory  crops  indefinitely  with  the  iron  spray  treatment 
alone.  It  is  probable  that  the  same  practices  developed  for 
maintaining  good  yields  on  the  non-manganese  soils  will  also 
have  to  be  applied  to  the  manganese  fields  in  addition  to  the 
iron  spray  treatment.  The  management  of  pineapple  soils 
to  maintain  the  yields  has  been  discussed  by  Kelley  in  Press 
Bulletin  No.  29  of  this  station.  The  addition  of  organic 
matter  to  the  soil  and  proper  provision  for  suitable  drainage 
at  present  seem  to  offer  the  most  promise  for  the  over- 
coming of  the  tendency  to  reduced  yields  under  continuous 
cropping. 

With  no  method  of  preparation  of  the  highly  mangani- 
ferous  soils  so  far  tested  does  the  plant  seem  to  absorb 
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sufficient  iron,  and  the  iron  spray  treatment  should  be  ap- 
pHed  as  soon  as  any  signs  of  yellowing  appear. 

Thanks  are  due  and  are  hereby  extended  to  Mr.  J.  M. 
Westgate,  director  of  the  station,  for  heartiest  support  in 
this  investigation,  and  to  Messrs.  eJ.  T.  Whitmore,  Simos 
T.  lioyt,  and  H.  Bloomfield  Brown,  of  the  Hawaiian  Pine- 
apple Company,  for  their  thoi'ough  coopei'ation  and  help. 


soils  more  porous  and  thus  aiding  drainage,  and  if  the  humus 
should  become  decomposed  it  would  materially  affect  these  lands. 
Experiments  have  shown,  however,  that  a  slow  decomposition 
of  th^  humus  takes  place,  but  that  it  goes  on  at  such  a  slow  rate 
as  largely  to  preclude  it  as  the  principal  factor.  Likewise  the 
lack  of  available  plant  food,  important  as  it  may  be,  is  not  at 
the  bottom  of  the  difficulty,  for  literally  hundreds  of  experi- 
ments by  the  growers  and  the  Station  as  well,  where  all  sorts 
of  commercial  fertilizers  in  every  kind  of  mixture  have  been 
applied  in  various  quantities,  have  not  in  themselves  restored  the 
land.  It  is  true  the  nitrifying  power  of  the  soil  becomes  greatly 
reduced,  but  the  application  of  commercial  forms  of  nitrogen 
has  not  proven  effective. 

Mechanical  analyses  of  the  virgin  and  cultivated  soils  show 
that  the  ultimate  particles  that  constitute  the  soil  have  not  been 
materially  altered,  which  they  could  not  be  reasonably  supposed 
to  be.  The  ordinary  operations  of  cultivation  are  not  of  such 
nature  as  to  pulverize  and  grind  to  powder  the  coarser  particles 
of  the  soil.  The  mechanical  analysis  shows,  however,  that  when 
reduced  to  its  ultimate  particles  these- soils  contain  a  very  small 
percentage  of  grit  or  coarse  material,  and  a  relatively  high  per- 
centage of  clay  and  fine  silt.  They  are  what  would  be  classified 
as  heavy  clay  soils,  although  the  so-called  clay  is  of  a  different 
nature  from  true  clay  in  a  chemical  sense,  and  while  possessing 
some  of  the  same  properties,  behaves  in  other  senses  vastly  dif- 
ferent. The  word  clay  in  this  bulletin  is  used  in  a  physical 
sense  only,  and  has  reference  to  the  size  of  the  soil  particles. 

THE   CAUSE   OP   FAILURE. 

While  the  percentages  of  clay  or  other  constituents  are  not 
materially  different  in  the  new  and  old  soils,  the  degree  of  gran- 
tilation  of  the  clay  is  greatly  modified.  The  virgin  soil  when 
shaken  with  a  column  of  water,  will  soon  settle  out,  leaving 
practically  a  clear  solution  above  it,  whereas  the  older  cultivated 


soils  when  so  treated  give  rise  to  a  turbid  solution  which  will 
not  settle  out  for  weeks. 

In  the  state  of  nature  where  good  tilth  is  attained,  the  par- 
ticles that  constitute  the  clay  content  of  a  soil,  particles  which 
when  separated  are  extremely  small  and  will  remain  in  suspen- 
sion in  water  almost  indefinitely,  are  collected  into  aggregates 
or  granules,  which  granules  act  as  units  and  impart  to  the  soil 
properties  in  every  way  similar  to  those  brought  about  by  ulti- 
mate particles  of  a  much  larger  size  than  clay.  The  bringing 
about  of  such  conditions  in  the  soil  is  variously  styled  granula- 
tion, flocculation,  coagulation,  etc.  It  is  an  important  function 
of  cultivation  to  aid  nature  in  cementing  the  clay  particles  into 
granules,  and  is  accomplished  by  admitting  sunlight  and  air, 
and  subjecting  the  soil  to  different  degrees  of  moisture,  carbonic 
acid,  etc. 

These  soils  are  frequently  cultivated  and  usually  well  pre- 
pared, but  instead  of  an  open  granular  structure  being  mam- 
tained  by  this  operation,  the  soil  steadily  becomes  more  difficult 
to  till,  drainage  is  hindered,  and  deflocculation  results.  The 
soil  is  simply  puddled.  What  are  the  causes  of  this  phenome- 
non ?  The  principal  causes  are  cultivation,  tramping  over  and 
otherwise  disturbing  the  soil  when  it  is  wet.  It  is  a  principle 
known  by  farmers  for  centuries  that  the  cultivation  of  clay  soils 
when  they  are  wet  injures  the  land  and  brings  about  conditions 
which  it  may  take  years  to  overcome.  The  intelligent  farmer  m 
older  agricultural  regions  will  only  as  a  last  resort  allow  the 
cultivation  of  his  clay  soils  when  they  are  wet.  In  the  cultiva- 
tion of  wet  clay  soils  the  loosely-bound  granules  become  broken 
up  and  separated  into  their  component  particles,  and  when  once 
the  bonds  of  union  are  severed,  it  is  by  no  means  easy  to  reunite 
them.  We  need  no  better  illustration  of  the  effects  of  tillage 
on  wet  soils  than  is  to  be  found  right  here  among  the  rice- 
gi*owers,  who  deliberately  puddle  the  soil  by  working  it  when  it 
is  wet  in  order  the  better  to  prevent  loss  of  irrigation  water 
through  seepage  and  drainage. 


It  is  a  common  practice  in  the  pineapple  sections  of  the 
islands  to  cultivate  when  the  soil  is  practically  saturated.  At 
certain  times  heavy  rains  thoroughly  wet  the  land  and  these 
are  often  followed  by  strong  winds  and  a  hot  sun,  which  brings 
about  a  rapid  drying  of  the  surface.  Frequently  the  cultivators 
are  sent  into  the  fields  when  the  surface  seems  dry  enough  to 
cultivate,  but  the  soil  two  or  three  inches  below  the  surface  is 
wet  almost  to  saturation.  The  mere  trampling  of  the  soil  at 
such  times  when  continued  through  a  period  of  years  tends  to 
bring  about  deflocculation  of  the  clay  and,  therefore,  puddle  the 
soil,  so  that  effective  drainage  is  hindered. 

Puddled  soils  hold  water  tenaciously  and  under  such  condi- 
tions denitrification  instead  of  nitrification  may  take  place; 
effective  aeration  is  made  impossible  and  a  condition  unfavor- 
able for  pineapple  growth  follows.  The  application  of  fertilizers 
to  such  soils  is  almost  sure  to  result  in  disappointment,  because 
the  fundamental  difficulty  is  not  a  lack  of  plant  food.  Good 
tilth,  a  good  mechanical  condition  in  the  soil,  is  just  as  impor- 
tant as  available  plant  food,  and  in  its  absence  fertilizers  can 
not  perform  their  normal  function  and  bring  about  the  desired 
results.  In  some  instances  under  such  conditions  fertilizers  may 
even  prove  injurious.  Nitrates  in  water-logged  soils  may  be 
reduced  to  nitrites.  Such  changes  actually  take  place  in  some 
Hawaiian  soils,  and  nitrites  are  active  plant  poisons. 

Furthermore,  soils  that  contain  such  large  quantities  of 
finely-divided  ferric  hydrates  under  the  influence  of  putrefactive 
decay  may  be  reduced  to  ferrous  carbonate  and  sulphate,  either 
of  which  are  poisonous  to  many  plants. 

It  has  been  shown  in  other  countries  and  here  that  the  con- 
tinued use  of  nitrate  of  soda  on  clay  soils^  also  tends  to  bring- 
about  a  deflocculation  of  the  soil,  and  where  it  has  been  so  used 
the  land  remains  wet  longer  after  rains.  The  same  condition 
may  arise  from  the  continued  use  of  certain  other  fertilizers.    In 


*  At  the  Rothamsted  Expt.  Sta.,  where  nitrate  of  soda  has  been  in 
continued  use  for  60  years,  a  deflocculation  of  the  soil  has  resulted. 
See  Jour.  Royal  Agr.  Soc,  Vol.  70,  1909,  pp.  12-35. 


the  pineapple  sections,  however,  such  fertilizers  have  not  come 
into  general  use.  In  fact,  no  fertilizer  has  been  used  in  many 
instances  where  the  soil  has  assumed  a  bad  condition.  It  has 
been  found,  however,  that  on  some  of  these  soils  the  application 
of  nitrate  of  soda  tends  to  aggravate  the  already  existing  troubles 
and,  therefore,  injures  rather  than  benefits  the  growth  of  pine- 
apples. 

EEMEDIES. 

The  bringing  back  of  these  soils  into  a  condition  favorable 
for  pineapple  growth  can  not  be  accomplished  in  a  day  and  is 
far  easier  to  prevent  than  to  overcome  once  it  is  brought  about. 
With  the  virgin  soils  the  farmer  should  by  all  means  strive  to 
prevent  such  conditions.  'No  heavy  clay  soils  should  ever  be 
cultivated  when  they  are  wet.  If  the  fields  demand  attention 
through  the  rapid  growth  of  weeds,  during  rainy  seasons,  it 
will  be  far  better  to  pull  out  the  weeds  by  hand  or  cut  them  off 
near  the  surface  with  hand  hoes.  The  results  of  cultivating  wet 
clay  soils  aside  from  that  of  checking  and  destroying  grass  and. 
weeds,  are  positively  injurious  and  in  fact  really  hinders  one  of 
the  very  objects  of  tillage,  that  is  aeration. 

Air  and  sunshine  in  time  will  bring  about  granulation  of  the 
soil  and  by  thoroughly  stirring  it  at  intervals  when  fairly  dry, 
nature  may  be  aided  in  restoring  tilth.  This  should  always  be 
accompanied  by  the  best  possible  drainage  that  can  be  provided. 
When  this  has  been  done  fertilizers  will  no  doubt  prove  effective 
and  can  be  used  profitably.  Barnyard  manure  will  also  aid 
nature  in  restoring  these  soils,  by  making  them  more  porous  and 
allowing  a  freer  circulation  of  air,  but  should  be  applied  some 
months  before  the  land  is  to  be  planted.  Lime  is  also  generally 
recommended  for  heavy  clay  soils  as  a  means  of  making  them 
more  friable  and  improving  their  tilth,  but  the  application  of 
lime  to  the  pineapple  soils  of  Wahiawa  has  at  least  failed  to 
show  any  advantage  to  be  derived  from  it.  Some  of  the  growers 
mamtain  that  lime  makes  the  cultivation  of  the  soil  more  diffi- 


cult^  causes  it  to  remain  wet  longer  after  rains  and  brings  about 
poorer  drainage.  This  subject  is  now  under  investigation  but 
it  is  too  soon  to  draw  conclusions.  It  should  be  borne  in  mind, 
however,  that  while  these  are  called  heavy  clay  soils,  the  clay 
in  them  is  of  an  altogether  different  nature  from  the  clay  in 
most  countries,  and  it  is  not  inconceivable  that  lime  will  react 
in  a  manner  likewise  different.  If  lime  is  to  be  added  as  a 
means  of  correcting  acidity  or  for  other  reasons,  beach  sand  is 
recommended. 

It  will  be  far  easier  to  maintain  ^^condition"  in  these  soils 
under  a  system  of  rotation  of  crops.  In  fact,  some  of  the 
Wahiawa  soils  are  almost  sure  to  get  into  a  bad  mechanical  con- 
dition if  continuously  cultivated  in  the  same  crop.  It  is  doubt- 
ful whether  any  crop  can  be  most  successfully  grown  without 
rotation  on  soils  similar  to  these.  With  the  vast  majority  of 
cultivated  crops,  it  is  far  better  and  more  permanent  to  grow 
them  in  a  system  of  rotation.  Whatever  rotation  is  employed 
it  should  include  some  leguminous  crop  which  is  plowed  under. 
This  will  tend  to  improve  the  tilth  of  the  soil  and  at  the  same 
time  add  nitrogen,  an  important  and  deficient  element  in  these 
soils. 

SUMMARY  AND  CONCLUSIONS. 

The  continued  cultivation  of  pineapples  on  the  same  land 
has  already  brought  about  conditions  unfavorable  to  the  growth 
of  the  crop.  The  use  of  fertilizers,  lime  and  manure  have  not 
restored  this  soil  to  its  original  productivity.  The  mechanical 
condition  of  the  soil  becomes  greatly  affected  and  poor  drainage 
results. 

While  only  a  slight  change  has  taken  place  in  the  humus, 
the  clay  has  become  deflocculated,  thus  reducing  the  size  of  the 
pores  in  the  soil  and  effectually  hindering  drainage.  This  con- 
dition in  these  soils  is  brought  about  and  really  caused  by  culti- 
vating the  soil  when  it  is  wet.  In  some  instances,  however,  it 
has  been  caused  by  beating  rains,  accompanied  by  overflows.    In 
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such  puddled  soils  proper  aeration  is  impossible  and  bad  physi- 
cal, biological  and  chemical  conditions  prevail. 

The  best  remedy  is  that  of  prevention;  these  soils  should 
not  be  cultivated  when  wet,  for  damage  is  sure  to  result.  Sun- 
shine and  air  aided  by  thorough  tillage  when  the  soil  is  in  proper 
moisture  conditions  will  assist  nature  in  restoring  tilth.  The 
best  possible  drainage  should  be  provided  by  introducing  ditches 
at  short  distances  apart.  Manure,  especially  if  accompanied 
with  ample  aeration,  will  tend  to  make  the  soil  more  porous  and, 
therefore,  aid  drainage.  And  finally,  the  continued  cultivation 
of  the  land  in  pineapples  should  give  way  to  an  intelligent  system 
of  rotation. 
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INTBODUOtlOir. 

Weeds  and  pests  of  insect  or  fiingns  nature  are  naturally 
amojig  the  important  problems  with  which  the  farmer  has  to 
contend,  in  aE  a^icnlttiral  regions.  In  controlling  these  draw- 
backs to  snc^pwftil  pr^lictipn,  hand  methods  •  were  first  used 
but  the  use  of  chemicals  was  early  adopted  in  combating  insect 
and  f u%iafi  disease*  Somewhat  later,  sprays  for  the  destruction 
of  weeds  received  attention  and  chemicals  for  weed  destruction 
have  gmdnglly  asstmied  a  greater  importance.  Many  of  the 
facts  .^lidbi  are  now  Jbiown  r^arding  the  destruction  of  weeds 
by  niii«|i^#f  chem^^  were  first  discovered Jn  connection^ with. 
spraying  for  insecw%id  fungus  diseases.  In  order  to  destroy 
insecti  tod  pathogenio  fungi  by  applications  of  chemicals  to  liv* 
ing  phmti  it  is  %mmm^  ^to  use  solutioip^  or  mixtures  of  a 
strong^  sufficient  to  be  If tal  to  the  insist  and  fungi  but  not 
injnrioui  to  the  plimte  whiiii  ai^  to  be  prot^te4  In  Ae  exten-  ^ 
sive  and  li^-conlini^  tpri^ing  e:^erimmtir^trhich  hav#  ^been 
carriild  tm  ia  f$rm  prietiie,  it  wi^'soon  ||)ti|id.##'c^rt$^^f»rfflt^ 
of  liie^iltYiji^j^  .im^..  ojpMl^^^m^t^^  iajwidtt  to  • 


plants  than  other  forms.    Attention,  therefore,  was  required  on 
this  point  in  order  to  avoid  injnry  to  the  plants. 

In  the  nse  of  arsenicals  for  the  destruction  of  insects  it  is 
necessary  to  get  a  finely  divided  condition  of  the  arsenical, 
which  is  at  the  same  time  relatively  insoluble.  The  small  undis- 
solved particles  then  remain  on  the  surface  of  the  leaves  until 
washed  off  or  eaten  by  insects.  Soluble  arsenicals  are  extremely 
injurious  to  vegetation  and,  therefore,  have  to  be  avoided  in 
spraying  useful  plants.  There  is  thus  a  complete  contrast  in  the 
ideas  aimed  at  in  spraying  for  insects  and  in  spraying  to  kill 
vegetation.  Arsenical  insecticides  must  be  as  insoluble  as  it  is 
possible  to  obtain  them,  while  for  killing  weeds  the  most  soluble 
form  of  arsenic  is  desired. 

CHEMICALS  USED  FOR  WEED  DESTRUCTION. 
In  experiments  previously  carried  on  at  this  Station^  carbon 
bisulphide  was  applied  to  a  number  of  weeds  which  grow  in  the 
garden  and  fields.  This  chemical  was  found  to  be  very  effective 
in  the  destruction  of  some  of  our  hardiest  weeds,  both  of  herba- 
ceous and  shrubby  nature.  When  applied  on  a  large  scale,  how- 
ever, and  in  long-continued  operations,  there  is  some  danger 
from  the  injurious  effects  of  the  fumes  of  carbon  bisulphide  upon 
the  workmen  and  the  chemical  itself  is  rather  expensive.  It 
seemed,  therefore,  desirable  to  carry  on  experiments  with  other 
chemicals  which  could  be  applied  more  easily  and  at  less  ex- 
pense. Arsenite  of  soda  has  been  extensively  used  on  the  main- 
land of  the  United  States,  in  Australia  and  elsewhere  for  the 
destruction  of  a  variety  of  weed  plants.  Stone^  found  arsenite 
of  soda  exceedingly  effective  against  herbaceous  weeds  when  used 
at  the  rate  of  one  part  in  66  parts  of  water.  Gillette^  in  using 
arsenicals  against  insects  found  that  the  soluble  portion  of  the 
insecticides  exercised  a  much  greater  burning  effect  upon  the 
foliage  in  the  presence  of  dew  and  direct  sunlight.     Kilgore 
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observed  that  arsenites  are  more  soluble  in  solutions  containing 
sulphate  of  copper  and  sulphate  of  iron  than  in  water  alone. 
Jones ^  used  arsenite  of  soda  on  herbaceous  weeds  and  found  the 
effect  produced  by  this  chemical  to  be  slow  but  lasting.  The 
formula  used  called  for  one  pound  sal  soda  and  two  pounds  of 
water  diluted  before  using  so  as  to  make  nine  gallons.  In  Aus- 
tralia the  common  practice  is  to  buy  arsenite  of  soda  already  pre- 
pared and  simply  dilute  in  water  at  the  rate  of  one  pound  to  five 
to  ten  gallons  of  water.  This  solution  has  proven  effective  in  the 
destruction  of  the  prickly-pear,  wild  blackberry  and  various  her- 
baceous and  semi-shrubby  weeds. 

Asenate  of  soda  has  in  experiments  proven  even  more  effect- 
ive than  the  arsenite.  For  example,  Stone  in  the  article  cited 
above  found  that  the  mixture  of  arsenate  of  soda  and  corrosive 
sublimate  in  equal  parts  caused  a  very  rapid  destruction  of  the 
foliage  and  stems  of  weeds.  Likewise,  Morgan^  found  that  arse- 
nate of  soda  alone  caused  a  rapid  and  destructive  burning  on 
foliage  upon  which  this  chemical  was  applied,  and  Jones  in  the 
article  referred  to  above  reports  arsenate  of  soda  when  used  at 
the  rate  of  one  pound  to  eight  gallons  of  water,  to  be  rather 
quicker  and  more  effective  in  its  action  than  arsenite  of  soda. 

Iron  sulphate.  In  various  processes  involved  in  the  commer- 
cial handling  of  iron  ores,  iron  sulphate  is  obtained  as  a  by- 
product and  costs  about  one  cent  per  pound  in  most  cities  on  the 
mainland.  This  chemical  has  been  widely  tested  in  Wisconsin, 
Iowa,  Maine,  South  Dakota,  Rhode  Island  and  other  states,  as 
well  as  in  foreign  countries,  and  upon  a  large  variety  of  weeds, 
but  chiefly  upon  wnld  mustard.  For  this  purpose  it  has  been 
found  particularly  effective  and  has  the  further  advantage  of  not 
destroying  cereal  grains.  For  this  reason  it  is  commonly  sprayed 
over  grain  fields  infested  with  wild  mustard,  and  when  thus  used 
gives  excellent  results.  Iron  sulphate  has  been  used  in  different 
strengths,  but  where  the  herbage  is  quite  tender  a  20  per  cent 
solution  is  the  one  commonly  recoijimended  to  kill  weeds  and 
not  injure  cereals.     Iron  sjilphate  is  readily  soluble  in  water, 
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and  no  other  manipulation  is  required  for  the  spray  than  simply 
to  dissolve  the  chemical  in  water.  At  the  Station  iron  sulphate 
has  been  used  upon  spurge,  cockle-bur,  lantana,  oi,  pig-weed, 
Japanese  nut-grass  and  other  weeds.  When  used  at  the  rate  of 
three  pounds  per  gallon  of  water,  iron  sulphate  killed  all  these 
weeds  except  lantana  and  Japanese  nut-grass.  The  leaves  were 
destroyed  on  lantana  but  the  new  buds  were  sent  out,  showing 
that  the  stems  w^ere  not  killed.  The  portion  of  Japanese  nut- 
grass  above  ground  soon  turned  brown  and  died  after  being 
sprayed  with  iron  sulphate,  but  fresh  shoots  came  up  from  the 
under-ground  bulbs.  This  chemical  can  be  used  effectively 
against  most  weeds  except  lantana  and  Japanese  nut-grass,  and 
has  the  advantage  of  not  being  poisonous  or  in  any  way  injur- 
ious to  the  soil. 

CarhoUc  Acid  When  diluted  at  the  rate  of  1  quart  in  8 
gallons  of  water,  Jones^  observed  little  effect  on  common  weeds 
from  spraying  with  carbolic  acid.  On  the  other  hand,  Voelcker^ 
obtained  satisfactory  results  from  spraying  wild  onion  with  a 
5  per  cent  solution  of  carbolic  acid,  and  the  same  chemical  proved 
effective  in  experiments  on  miscellaneous  weeds  at  the  Massa- 
chusetts Experiment  Station. 

Benzine.  This  substance  has  been  tested  on  a  small  scale  in 
destroying  weeds  in  gardens  in  various  localities.  Stone^  reports 
that  a  50  per  cent  mixture  of  equal  parts  benzine  and  gasoline 
in  water  was  effective  against  the  less  hardy  weeds. 

Kerosene,  In  preparing  kerosene  mixture  as  a  spray  for 
sucking  insects,  it  is  always  recommended  that  care  be  taken  not 
to  leave  any  of  the  kerosene  uncombined  with  the  soap  in  the 
mixture,  for  the  reason  that  if  uncombined  the  kerosene  may 
burn  the  foliage.  Kerosene  has  a  slight  burning  effect  m  the 
foliage  of  various  trees.  It  was  tried  by  Wilson^  as  a  spray  for 
weeds  at  the  rate  of  61/2  gallons  per  square  rod.     When  thus 
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used  it  was  not  efficient  enough  to  warrant  its  application  on  a 
commercial  scale. 

Salt,  The  injurious  effect  of  salt  upon  vegetation  is  a  mat- 
ter of  common  knowledge.  Plants  show  some  variation  in  their 
resisting  ^  power  to  salt,  but  a  maximum  salt  content  is  soon 
reached  in  the  moisture  of  the  soil,  after  which  the  plants  die  or 
can  not  thrive.  Salt  has  been  applied  for  killing  weeds,  either 
dissolved  in  water  or  sprinkled  upon  the  ground  about  the  weeds 
to  be  destroyed.  Salt  is  chiefly  valuable  for  this  purpose  in  side- 
walks or  roadsides  where  it  is  not  desired  to  grow  cultivated  crops 
after  the  weeds  are  destroyed.  In  such  places  there  is  no  harm 
from  the  presence  of  large  quantities  of  salt  in  the  soil.  As  a 
spray  it  has  been  found  that  salt  applied  at  the  rate  of  80  bar- 
rels is  inefficient  for  the  destruction  of  field  weeds.  It  is,  there- 
fore, scarcely  to  be  recommended  in  the  list  of  commercial  weed 
destroyers  in  field  practice. 

Sulphuric  acid.  On  account  of  its  great  oxidizing  and  burn- 
ing power,  sulphuric  acid  has  frequently  been  thought  of  as  a 
weed  destroyer.  When  used  in  a  15  per  cent  solution  in  water, 
Wilson^  found  sulphuric  acid  to  be  very  efficient  for  destroying 
weeds  but  rather  too  expensive.  Similar  results  have  been  ob- 
tained in  Maine  and  elsewhere.  Sulphuric  acid  is  objectionable 
on  account  of  the  danger  connected  with  its  use  by  ordinary  la- 
borers, and  its  destructive  effect  on  spraying  apparatus.  At  the 
Station  sulphuric  acid  was  tried  as  a  means  of  destroying  guava, 
but  without  satisfactory  results. 

Copper  sulphate.  Copper,  both  in  the  form  of  sulphate  and 
nitrate,  but  particularly  the  former,  has  been  widely  used  in 
killing  various  kinds  of  weeds,  especially  wild  mustard.  The 
effectiveness  of  copper  sulphate  for  this  purpose  has  been  thor- 
oughly demonstrated,  both  in  Europe  and  the  United  States. 
A  3  to  5  per  cent  solution  is  commonly  recommended  to  be 
applied  as  a  spray.  Hitier^  had  excellent  results  in  destroying 
wild  mustard  from  spraying  with  a  4  per  cent  solution  of  copper 
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sulphate  or  a  3  per  cent  solution  of  copper  nitrate.  Copper 
sulphate  may  be  added  with  a  slight  advantage  to  a  solution  of 
arsenite  of  soda,  since,  when  thus  used,  it  increases  the  solubil- 
ity and  burning  effect  of  the  arsenite. 

Ammonia.  Ammonia  has  also  been  used  as  a  spray  for  the 
destruction  of  weeds  but  cannot  be  recommended  for  general  use 
on  account  of  its  slight  burning  power  and  the  disagreeable 
fumes  which  annoy  the  laborers. 

Arsenite  of  soda.    This  chemical  is  usually  prepared  by  boil^ 
ing  together  common  white  arsenic  and  washing  soda  or  sal  soda. 
Theoretically  these  chemicals  combine  in  such  a  proportion  that 
if  about  11/2  pounds  of  soda  be  used  for  each  pound  of  white 
arsenic,  the  proper  combination  will  take  place  to  render  all  of 
the  arsenic  soluble  by  the  formation  of  arsenite  of  soda.     In 
practice  a  considerably  larger  proportion  of  soda  has  been  used, 
up  to  4  poimds  per  pound  of  white  arsenic.     It  seems  unneces- 
sary, however,  to  use  more  than  2  pounds  of  soda  per  pound  of 
white  arsenic.    In  preparing  arsenite  of  soda  we  have  had  good 
results  from  boiling  a  mixture  of  one  pound  white  arsenic  and 
two  pounds  sal  soda  per  gallon  of  water  for  from  15  to  20  min- 
utes.    The  exact  length  of  time  to  continue  the  boiling  can  not 
be  stated  beforehand  with  any  certainty  but  the  boiling  should 
be  continued  until  the  solution  becomes  clear.     The  clearing  of 
the  solution  indicates  that  the  proper  chemical  combination  has 
taken  place.     In  Australia,  where  arsenite  of  soda  has  been 
widely  used  for  killing  weeds,  the  common  practice  is  to  buy  the 
arsenite  of  soda  as  such  on  the  market,  but  in  the  spraying  thus 
far  done  in  Hawaii  with  arsenite  of  soda,  it  has  been  prepared 
by  boiling  white  arsenic  and  sal  soda  as  just  described.     The 
stock  solution  obtained  by  boiling  together  the  sal  soda  and  white 
arsenic  is  to  be  diluted  before  spraying  with  15  to  24  parts  of 
water,  depending  on  the  hardiness  of  the  weeds  to  be  destroyed. 
ArseMaie  of  soda.     This  chemical  is^about  equally  soluble 
with  arsenite  and  where  obtainable  on  the  market  at  a  reason- 
able price  may  be  substituted  for  the  latter.     In  experiments 
with  miscellaneous  weeds,  Jones^  found  arsenate  of  soda  very 


effective  when  used  at  the  rate  of  1  pound  to  8  gallons  of  water. 
Similarly  in  Massachusetts  arsenate  of  soda  gave  good  results 
as  a  weed  destroyer,  either  when  used  alone  or  when  mixed  with 
corrosive  sublimate  in  equal  parts. 

EXPERIMENTS  WITH  ARSENITE  OP  SODA. 

Before  giving  an  account  of  the  experiments  with  arsenite  of 
soda  at  this  Station  and  elsewhere  in  Hawaii,  it  may  be  well  to 
refer  briefly  to  other  experiments  with  the  same  chemical.  In 
Australia  this  spray  has  been  widely  used  for  the  destruction  of 
prickly-pear,  wild  blackberry  and  other  shrubby  and  herbaceous 
weeds.  For  this  purpose  it  has  proven  so  effective  as  to  make  a 
wide  field  for  itself '  in  the  programme  of  weed  destruction. 
Maiden,^  on  the  basis  of  a  number  of  experiments,  recommends 
for  destroying  prickly-pear  a  solution  of  arsenite  of  soda  con- 
taining 1  pound  to  from  5  to  9  gallons  of  water.  In  other  exper- 
iments more  concentrated  solutions  were  used,  particularly  for 
the  destruction  of  wild  blackberry  and  other  shrubby  weeds. 
Likewise  in  Iowa,  North  Carolina,  Vermont,  Massachusetts  and 
elsewhere  on  the  mainland,  as  well  as  in  Europe,  arsenite  of 
soda  has  been  used  with  good  success  in  destroying  miscellaneous 
herbaceous  weeds.  In  Massachusetts  it  proved  effective  when 
used  at  the  rate  of  1  part  to  66  parts  of  w^ater.  Kilgore^  found 
that  when  an  attempt  was  made  to  combine  arsenical  insecticides 
containing  soluble  arsenic  with  fungicides  containing  copperas, 
copper  sulphate  or  iron  chloride,  the  burning  effect  of  the  arse- 
nite was  considerably  increased  by  the  presence  of  the  other  min- 
eral salts.  In  spraying  experiments  for  the  destruction  of  insects 
Gillette^  observed  that  soluble  arsenites  in  arsenical  sprays  pro- 
duced a  greater  burning  effect  in  the  presence  of  dew^  and  direct 
sunlight:  These  points  are  worth  considering  as  indicating  the 
conditions  under  which  applications  of  arsenite  of  soda  should 
be  made  in  order  to  obtain  a  maximum  effect. 
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At  this  Station  experiments  have  been  carried  on  with  arse- 
nite  of  soda  in  testing  the  effect  of  this  chemical  upon  a  number 
of  weeds,   inchiding  oi    (StacJiytarpheta  dichotoma),  lantana, 
spurge   (EupJiorhia  peplus),  pualele  or  sow  thistle,  pig-weed, 
purslane,  cockle-bur  [XantMum  strumarium),  glue  (Acacia  far- 
nesiana),   dodder,   Japanese  nut-grass,  honohono    (Commelina 
nudiflora),  crotalaria  and  other  weeds.     In  these  experiments 
the  stock  solution,  as  described  above,  was  dissolved  in  from  15 
to  20  parts  of  water.     The  effect  of  the  spray  was  manifest  in 
most  instances  within  2  or  3  hours,  but  on  Japanese  nut-grass 
the  leaves  did  not  turn  brown  until  the  second  day.     On  all  of 
these  weeds  the  leaves  and  stems  ultimately  died  as  a  result  of 
a  single  application. 

In  spraying  alfalfa  infested  with  dodder  the  alfalfa  was 
killed  as  well  as  the  dodder.    In  this  respect  the  results  were  the 
same  as  those  obtained  with  spraying  with  iron  sulphate.     The 
leaves  and  small  stems  of  lantana  were  destroyed  by  a  single 
application,  but  for  the  complete  destruction  of  the  plant  a  sec- 
ond, third  or  even  fourth  treatment  was  found  necessary.    With 
sow  thistle,  although  apparently  destroyed,  it  seemed  to  recover 
rather  promptly  and  grew  up  again  from  the  base  of  the  plant. 
Similar  results  have  been  had  in  E'ahiku  in  spraying  this  plant. 
Some  difficulty  is  likely  to  be  experienced  in  destroying  hono- 
hono on  account  of  the  fact  that  in  dense  patches  it  is  hard  to 
reach  all  portions  of  the  plant  with  the  spray  and  two  or  three 
applications  may  be  necessary.     Japanese  nut-grass,  although 
entirely  destroyed  above  ground  by  the  arsenite  of  soda  spray, 
promptly  grew  up  again  from  the  underground  bulbs  without 
showing  any  serious  diminution  of  vigor.     In  previous  experi- 
ments of  the  Station  it  was  found  possible  to  destroy  this  plant 
with  carbon  bisulphide,  but  this  chemical  is  too  expensive  for 
use  on  a  large  scale.    Judging  from  the  experiments  which  have 
thus  far  been  made,  the  best  way  to  destroy  this  weed  economi- 
cally is  to  shade  it  out  by  using  pigeon-peas  and  allowing  them 
to  occupy  the  ground  for  a  year  or  more. 

In  the  practical  application  of  arsenite  of  soda  on  a  large 


scale  in  Hawaii,  the  chief  credit  is  due  to  Mr.  W.  A.  Anderson, 
Manager  of  the  NTahiku  Enbber  Company.  In  consequence  of 
the  satisfactory  results  which  he  has  obtained,  the  method  has 
been  generally  adopted  by  all  of  the  other  rubber  companies. 
More  than  500  acres  of  land  covered  with  miscellaneous  shrubby 
and  herbaceous  weeds  have  already  been  cleaned  by  means  of  the 
spray,  and  ultimately  the  whole  area  now  planted  to  rubber  will 
be  treated  in  this  way.  Some  of  the  experience  of  Mr.  Anderson 
is  stated  as  follows  in  a  letter  from  him: 

"We  use  it  for  all  troublesome  grasses  according  to  the  following 
formula:  2  pounds  crystal  sal  soda,  1  pound  arsenic,  boiled  in  1  gal. 
water  until  clear.  This  is  diluted  in  about  24  gals,  of  water  in  the 
field  and  applied  at  the  rate,  roughly,  of  about  100  gals,  of  the  diluted 
mixture  per  acre,  more  or  less  according  to  the  length  and  thickness  of 
the  growth. 

"We  find  this  effective  for  all  the  grasses  we  have  to  deal  with,  and 
for  the  Hitchcock  berry  and  for  the  general  run  of  weeds,  excepting 
pualele  (milkweed),  ginger,  and  wild  taro.  For  best  results  on  hono- 
hono  a  little  stronger  solution,  perhaps  one  gallon  of  stock  mixture  to 
20  of  water,  is  necessary.  Diluted  1  to  24,  it  is  partially  effective  with 
the  three  exceptions  given  above,  and  I  feel  sure  that  used  slightly 
stronger,  it  would  dry  them  up,  as  it  does  the  grasses  and  ordinary 
weeds. 

"In  a  complete  list  of  the  plants  affected,  lantana  could  not  be 
omitted,  as  it  burns  the  leaves  off,  and  I  have  in  mind  a  patch  treated 
over  a  year  ago  which  has  not  grown  yet.  It  is  unquestionably  safe 
to  say  lantana  can  be  kept  in  check  with  it,  the  fact  having  been  dem- 
onstrated that  the  growth  above  ground  can  be  killed,  the  conclusion 
would  be  natural  that  by  keeping  at  it,  the  roots  in  time  might  be 
starved  out. 

"Hilo  grass  is  actually  disappearing  from  our  fields  that  have  been 
plowed,  and  thereafter  treated  with  the  spray.  Considerable  areas  are 
entirely  free  from  it,  and  it  has  been  thinned  out  everywhere." 

For  several  years  the  Hitchcock  berry  or  thimble  berry,  and 
German  ivy  {Senecio  mihanioides)  have  been  encroaching  on  the 
grass  lands  of  some  of  the  ranches  on  Hawaii,  particularly  the 
Parker  Ranch.  The  method  of  eradication  at  first  adopted  was 
that  of  digging  out  by  hand.  In  this  way  about  $1500  per 
month  was  being  expended  on  these  weeds  and  the  financial  bur- 
den seemed  an  excessively  heavy  one  for  the  single  item  of  weed 
eradication.  As  soon  as  the  experiments  with  arsenite  of  soda 
had  been  carried  far  enough  to  warrant  a  specific  recommenda- 
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tion  it  was  urged  that  this  spray  be  adopted  for  the  weeds  on 
ranch  land.  An  extensive  test  was  at  once  begun  with  results 
which  have  justified  the  general  application  of  arsenite  of  soda. 
ISTot  only  the  Hitchcock  berry  and  German  ivy  are  destroyed  by 
this  spray  but  also  the  nettle  (Hesperocnide  sandiuichemis) , 
These  are  the  very  worst  weeds  on  ranch  land.  The  use  of  arse- 
nite of  soda  as  a  spray  seems  to  be  a  practical  solution  of  the 
problem  of  their  eradication.  Large  bushes  of  Hitchcock  berry 
are  destroyed  by  a  single  application.  At  any  rate  the  roots 
have  been  found  to  be  dead  for  a  distance  of  18  inches  from  the 
base  of  the  trunk  and,  of  course,  the  leaves  and  the  stems  were 
all  killed  by  the  same  treatment. 

The  method  of  application  of  arsenite  of  soda  on  rough  ranch 
land  or  in  rubber  plantations  is  a  simple  one.    The  most  of  these 
lands  do  not  admit  of  horse-drawn  spraying  apparatus  on  account 
of  the  junglelike  nature  of  the  weeds  and  the  roughness  of  the 
lands.     A  knapsack  spray  holding  about  5  gallons  of  solution 
may  be  carried  on  the  backs  of  laborers,  who  can  readily  make 
their  way  through  the  bushes  and  grass,  covering  the  vegetation 
with  the  spray  as  they  walk  along.    One  laborer  can  spray  from 
one  to  two  acres  per  day,  depending  upon  the  height  and  density 
of  the  weeds  to  be  sprayed  and  the  character  of  the  land.     The « 
total  cost  of  a  single  application,  including  materials  and  labor, 
varies  from  $1.25  to  $2.25  per  acre.     The  flowers  and  tender 
foliage  of  all  weeds  are  destroyed  by  a  single  application  and 
this  effectively  prevents  the  immediate  spread  of  the  weeds.    As 
a  rule  the  stems  and  roots  of  the  weeds  are  destroyed  by  the 
first  application.    Hilo  grass,  however,  lantana  and  certain  other 
of  the  hardy  weeds  may  require  two  or  three  applications  for 
their  complete  destruction.     About  100  gallons  of  the  diluted 
spray  is  usually  sufficient  for  an  acre  of  ground. 

In  spraying  with  arsenite  of  soda  it  should  be  remembered 
that  the  effect  is  produced  by  contact  with  the  aerial  portions  of 
the  plant.  The  spray  should  be  applied  in  the  form  of  a  fine 
mist  so  as  merely  to  cover  the  surface  of  the  leaves  and  the 
stems.    Care  should  be  exercised  not  to  drench  the  plants,  since 
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no  more  effect  would  be  thus  obtained,  and  the  risk  would  be  run 
of  introducing  too  much  arsenic  into  the  soil. 

At  Ulupalakua  some  losses  have  been  experienced  in  the 
death  of  cattle  from  eating  a  poisonous  passion  vine  which  has 
grad*ually  spread  over  a  small  area  of  the  ranch  land.  The  arse- 
nite  of  soda  is  now  being  used  for  destruction  of  this  plant  and 
also  to  kill  the  air  plant  (Bryophyllum  calycinum),  a  useless 
weed  which  covers  some  of  the  range  and  prevents  other  plants 
from  growing.  It  is  commonly  considered  that  red  sage  (Salvia 
coccinea)  causes  abortion  in  cows  and  mares.  The  evidence  for 
this  belief  is  quite  conclusive  and  has  come  from  a  number  of 
ranches.  The  arsenite  of  soda  is  now  being  used  on  Lanai  for 
the  destruction  of  this  weed. 

The  chemical  method  for  the  destruction  of  weeds  as  de- 
scribed in  this  bulletin  is  capable  of  a  much  wider  application, 
'particularly  for  killing  weeds  along  roadways  and  in  waste 
places  where  cultivation  is  at  present  out  of  the  question.  It 
should,  of  course,  be  remembered  that  the  arsenite  is  poisonous 
and  stock  animals  should  not  be  allowed  to  browse  upon 
sprayed  vegetation  imtil  after  sufficient  rain  has  fallen  to  wash 
off  what  may  remain  on  the  foliage.  As  a  rule  the  effect  of  the 
spray  begins  to  be  manifested  within  a  few  hours  in  the  wither- 
ing and  browning  in  the  leaves  of  sprayed  plants.  They  are 
thus  rendered  unpalatable  as  feed  for  animals.  The  spray  must 
remain  in  contact  with  the  foliage  for  at  least  two  hours,  in 
order  to  have  the  desired  effect.  In  applying  arsenite,  therefore, 
a  clear  day  should  be  chosen,  or  at  least  one  in  which  it  is  not 
likely  to  rain  soon  after  the  application  of  the  pray. 

POSSIBLE   DANGER   PROM   THE   USE   OF 
ARSENITE  OF  SODA. 

In  addition  to  the  danger  of  stock  becoming  poisoned  from 
grazing  on  sprayed  vegetation,  it  seems  desirable  to  consider  the 
possible  injurious  effect  of  arsenic  upon  the  soil  and  cultivated 
crops  which  may  be  growing  in  the  soil  at  the  time,  or  which  may 
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be  subsequently  planted  in  it.    This  matter  has  already  received 
some  attention,  particularly  by  the  Colorado  Experiment  Sta- 
tion.   There  is  still  some  difference  of  opinion  as  to  the  possible 
harmfulness  of  continued  spraying  with  arsenic.    Bishop^  made 
analyses  of  potatoes  after  the  vines  had  been  sprayed  with  Pans 
green  and  found  that  they  contained  .0002  per  cent  of  arsenic. 
Breteau^  made  an  examination  of  wine  obtained  from  grapes 
picked  from  vines  which  had  been  sprayed  with  arsenicals  and 
found  .  003  to  .  2  mg  of  arsenic  per  liter  of  wine.     Comere^  cul- 
tivated algse  in  solutions  of  potasium  arsenate.     This  investiga- 
tor found  that  alg«  not  only  grew  well  in  nutritive  solutions  con- 
taining arsenate  but  that  arsenic  acid  could  replace  phosphoric 
acid  in  such  plants.    Hyslop^  found  that  in  cattle  which  had  been 
sprayed  with  arsenical  solutions,  arsenic  was  present  in  urine 
but  not  in  meat  or  milk.     Collins'^  made  cultures  with  barley  in 
which  arsenic  was  added  at  the  rate  of  11  pounds  per  acre  nor- 
mally.   The  grain  of  barley  grown  in  the  pots  contained  arsenic 
to  the  extent  only  of  4  oz.  per  acre  and  the  straw  1%  oz.  per 
acre.    Arsenic  has  been  found  in  minute  quantities  in  the  fruit 
and  in  all  parts  of  fruit  trees  which  have  been  continuously 
sprayed  with  arsenic.     It  is  well  known  that  plants  readily  ab- 
sorb arsenic  from  the  soil  but  a  considerable  variation  exists  in 
their  sensitiveness  to  this  chemical.     In  the  long-continued  liti- 
gation between  the  smelters  and  cattlemen  in  Deer  Lodge  Val- 
ley, Montana,  an  excellent  opportunity  was  had  of  studying  the 
effect  of  arsenic  upon  vegetation  and  live  stock.    Unfortunately, 
too  little  attention  was  given  in  this  extensive  investigation  to 
the  effect  of  arsenic  upon  plants  when  absorbed  into  their  tissues. 
The  arsenic  in  this  case  was  deposited  largely  upon  the  surface 
of  the  plants  in  dust  which  settled  from  smelter  fumes  and 
which  contained  arsenic  in  large  quantities.     In  all  cases,  how- 


1  Jour.  Am.  Chem.  Soc.  28  (1906),  p.  184. 

2  Jour.  Pharm.  Chim.  28  (1908),  p.  156. 

3  Bui.  Soc.  Bot.  France  56  (1909),  p.  147. 

4  Natal  Agr.  Jour.  15  (1910),  pp.  693-697. 

5  Jour.  Soc.  Chem.  Ind.  21  (1902),  pp.  221-222. 
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ever,  in  which  careful  analyses  were  made,  arsenic  was  found 
to  have  been  absorbed  into  the  substance  of  grasses.^ 

The  most  extensive  study  of  the  effect  of  the  absorption  of 
arsenic  upon  plants  has  been  carried  out  by  Headden.^  Many 
fruit  trees,  both  apple  and  pear,  were  observed  to  be  in  a  sickly 
condition  or  dying  in  the  orchards  of  Colorado  which  had  re- 
ceived arsenical  sprays  for  from  20  to  40  years.  An  examina- 
tion of  the  soil  under  such  trees  showed  the  presence  of  arsenic 
in  varying  quantities,  the  highest  being  138  parts  per  million. 
In  some  cases  where  sickness  or  death  of  the  trees  was  observed 
the  arsenic  content  of  the  soil  was  at  least  ten  times  that  of  nor- 
mal soils  in  that  locality.  The  orchardists  were  found  to  have 
been  applying  for  years  what  must  be  considered  as  excessive 
amounts  of  arsenic.  In  some  cases  as  much  as  0.9  of  a  pound  per 
tree.  In  a  period  of  six  years  this  would  amount  to  432  pounds 
per  acre  or  about  108  parts  per  million  in  the  first  foot  of  soil. 
The  first  symptom  of  poisoning  in  the  orchard  trees  was  a  pre- 
mature yellowing  of  the  leaves.  If  the  application  of  the  arseni- 
cals  was  repeated  the  next  year  the  trees  died  the  second  year. 
Serious  injuries  were  also  produced  in  these  orchards  from  the 
corrosive  effect  of  the  arsenic  which  ran  down  the  trunks  of  the 
trees.  The  bad  effects  were  most  noticeable  at  the  collar  of  the 
trunk  near  the  surface  of  the  ground. 

In  view  of  the  somewhat  divergent  opinions  which  have  thus 
far  been  expressed  relatiye  to  the  effect  of  arsenic  upon  plants, 
we  may  well  inquire  what  may  be  considered  the  outlook  from 
the  continued  use  of  arsenite  of  soda  as  a  weed  destroyer  in 
Hawaii.  The  results  announced  by  Headden  and  referred  to 
above  have  been  called  in  question  by  other  writers  but  without 
substantial  evidence  to  disprove  his  position.  Our  experience  in 
Hawaii  is  of  only  two  years'  duration.  In  a  letter  from  Mr.  W. 
A.  Anderson  of  Nahiku,  Maui,  the  following  statement  is  made 
on  the  point  under  consideration : 

"As  you  know,  we  have  been  using  the  spray  for  nearly  two  years 


6  Jour.  Am.  Chem.  Soc.  30  (1908),  pp.  915-946. 
1  Colo.  Sta.  Buls.  131  and  157. 
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now,  in  quantities,  and  have  not  been  able  yet  to  observe  any  injurious 
effects  on  the  trees.  Where  it  has  been  applied  frequently  enough  to 
keep  the  ground  in  a  measure  free  from  weeds,  a  marked  improve- 
ment is  noticed  in  the  appearance  of  the  soil,  as  I  suppose  might  be 
expected  from  exposing  it  to  the  air." 

In  applying  the  arsenite  spraj  on  the  rnbber  plantation  of 
the  Pacific  Development  Company  a  considerable  quantity  of 
the  solution  was  accidentally  upset  near  two  rubber  trees  and 
the  leaves  fell  from  these  trees  within  two  days  apparently  from 
the  poisonous  effects  of  the  arsenite.  The  trees,  however,  are 
recovering. 

The  conditions  under  which  arsenite  of  soda  has  been  applied 
in  Hawaii  differ  greatly  from  those  which  prevail  in  apple  or- 
chards in  Colorado.  In  the  first  place  we  are  applying,  only 
five  pounds  of  arsenic  per  acre  and  to  soils  which  normally  con- 
tain no  arsenic.  Then,  too,  the  rainfall  in  rubber  plantations  is 
very  high  (160  to  200  inches  per  year).  In  the  spraying  exper- 
iments in  the  Colorado  apple  orchards  the  most  insoluble  form 
of  arsenic  was  used.  When  washed  down  into  the  soil  it,  there- 
fore, remains  for  a  long  time,  gradually  becoming  soluble  and 
being  absorbed  by  the  roots  of  the  trees.  Arsenite  of  soda  is  an 
extremely  soluble  form  of  arsenic.  It  is  not  known  whether  a 
considerable  quantity  of  the  arsenite  of  soda  may  subsequently 
be  fixed  in  the  soil  by  interaction  with  other  chemicals  found  in 
the  soil.  The  soils  in  the  rubber  plantations,  however,  are  ex- 
tremely porous  and  are  underlaid  with  a-a  to  such  an  extent  that 
running  streams  are  rare.  It  is  highly  probable,  therefore,  that 
the  most  of  the  arsenite  of  soda  washed  into  the  soil  by  rains  is 
carried  away  by  the  water  passing  through  the  soil.  It  seems 
very  doubtful  whether  any  serious  accumulation  of  arsenic  can 
take  place  in  the  soils  of  the  rubber  plantations  so  long  as  the 
conditions  remain  as  at  present.  It  can  not  be  questioned,  how- 
ever, that  arsenic  in  excessive  quantities  in  the  soil  is  injurious 
to  nearly  all  forms  of  vegetation,  and,  therefore,  some  care 
should  be  observed  in  not  using  unnecessarily  large  quantities  of 
the  arsenical  spray.  No  harmful  results  have  thus  far  been  ob- 
served upon  rubber  or  other  cultivated  plants  in  Hawaii  from 
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arsenicals  and  it  is  not  likely  that  harm  will  result,  at  least  in 
porous  soils  such  as  prevail  in  rubber  plantations,  particularly 
with  the  very  small  quantities  of  arsenic  which  are  being  used. 
The  effects  of  arsenic  will  be  closely  observed  and  if  any  injury 
should  manifest  itself  in  years  to  come,  the  danger  may  be 
avoided  by  adopting  for  a  year  or  so  the  harmless  but  somewhat 
less  effective  method  of  spraying  with  sulphate  of  iron. 


Hawaii  Agricultural  Experiment  Station, 

HOINOLULU* 


E.  V.  WILCOX,  Special  Agent  in  Ckarge. 
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Brief  Instructions  for  Farm  Butter  Makers^ 


BY 

F.  A.  CLOWES, 

SUPERINTENDENT    HAWAII  SUB-STATIONS 


The  Territory  of  Hawaii  consumes  annually  about  1150,000 
worth  of  imported  butter  and  oleomargarine.  The  prices  paid 
range  from  forty  cents  to  seventy-five  cents  per  pound.  Besides 
this,  there  is  an  enormous  amount  of  "Island"  butter  sold.  House- 
keepers prefer  the  island  product  if  it  is  good,  but  the  supply  of 
well  made  butter  is  not  equal  to  the  demand. 

Island  butter  does  not  keep  well.  It  is  the  purpose  of  this 
bulletin  to  give  simple  rules  for  producing  good  flavored  butter 
that  will  keep  well. 

FLAVORS  ABSORBED  FROM   OUTSIDE. 

Milk  and  butter  are  much  influenced  by  odors  in  the  air.  If  the 
JTiilking  is  done  in  a  bad-smelling  stable,  the  milk  is  almost  sure  to 
absorb  it.     For  this  reason  the  place  where  the  milking  is  done 


should  be  kept  clean.     The  milk  should  be  removed   from  the 
stable  as  soon  as  possible  after  milking  into  a  sweet,  clean  place. 

FLAVORS    PRODUCED    WITHIN    THE    MILK    ITSELF. 

If  milk  is  kept  free  from  bacteria  it  will  never  sour.  There  are 
few  bacteria  in  milk  as  it  comes  from  the  cow,  but  they  multiply 
very  rapidly.  Dust  dropping  into  the  milk  from  the  air  carries 
multitudes  of  them.  When  the  sun  shines  through  a  crack  we 
see  myriads  of  little  specks  of  dust  floating  in  the  air.  These 
little  air-ships  are  in  dry  air  at  all  times,  and  are  constantly  rising 
and  falling.  Each  one  carries  perhaps  a  hundred  germs.  Many 
of  these  are  good  germs,  but  most  of  them  will  give  trouble  to 
the  butter-maker.  Cow  hairs  are  loaded  with  undesirable  germs. 
When  hairs  get  into  the  milk,  they  introduce  into  the  milk  count- 
less germs  to  make  trouble  for  the  careful  butter-maker.  So  it 
is  with  flies,  poorly  washed  milk  buckets  and  utensils,  and  dirt 
of  any  kind.  Many  of  the  bad  flavors  and  other  troubles  of  the 
butter-makers  are  caused  by  bad  germs.  The  careful  butter- 
maker  must  carefully  guard  his  milk  and  cream  against  undesir- 
able germs.  Nevertheless  in  spite  of  all  that  can  be  done,  cream 
will  have  undesirable  germs  in  it.  It  is  customary  therefore,  at 
creameries  to  pasteurize  the  cream  as  soon  as  it  is  separated. 
This  can  be  done  by  heating  the  cream  to  150°  F.  or  160°  F.  and 
then  cooling  it  down  as  quickly  as  possible  to  the  souring  tempera 
ture,  which  is  usually  al3out  60°  to  70°  F.  Pasteurizing  kills 
nearly  all  germs. 

THE    Rl  PINNING    OF    CREAM    BY    DESIRABLE    GERMS. 

Now  comes  the  time  to  take  into  account  the  desirable  germs. 
Scientists  can  show  us  under  the  microscope,  minute  organisms, 
of  a  certain  species  which  produce  the  most  desirable  flavors  in 
butter. 

In  large  modern  creameries,  these  germs  are  carefully  reared 
and  introduced  into  the  pasteurized  cream.  This  process  is  too 
elaborate  for  the  farm  butter-maker,  but  similar  methods  are 
used  by  many  farm  butter-makers.  It  is  a  common  practice  ot 
good  butter-makers  to  add  to  the  sweet  cream  24  or  48  hours 
before  churning,  some  sour  cream  or  milk  or  some  buttermilk. 


This  ''starlcr''*J^  as  it  is  called,  timst  be  uf  a  ])lcaHa4)t  acid  taste, 
or  it  will  do  more  harm  than  good.  About  one  part  of  slartcr  to 
ten  parts  of  creain  should  be  used,  if  the  cream  is  to  be  soured 


iry  Style  of  Milk  Bpckel 


*1  Ttiere  are  two  different  classes  of  starters— tlie  NATI'RAIa  iu^ 
eluding  sour  milk  oi'  cream,  buttermilk,  or  whey, — and  tlie  i'OMMER-' 
('lAlj, 

The  natural  ones  usually  contain  several  siiecies  of  bacteria  (some 
good,  some  bad )--^^^ while  tlie  commercial  starters  are  divided  into  "pure 
eultures"  made  up  from  a  single  individual  of  a  single  sr>ecies,  and 
"mixed  cultures"  eontaining  different  species,  but  only  those  whose 
action  is  known  to  be  beneficial. 

A  more  varied  product  is  made  from  the  use  of  the  natural  starters, 
while  with  the  commercial  as  long  as  they  are  kept  pure— a  very  uni- 
form article  of  butter  can  be  secured  since  these  contain  only  those 
eerms  which  give  to  the  butter  the  proper  flavor  and  keeping  finality. 
The  product  from  use  of  Commercial  starters  probably  excels 
that  from  use  of  natural  ones  as  much  as  the  latter  excels  that  made 
in  the  old-fashioned  haphazard  way. 

Ref.^Wis,  Bui.  No.  246,-— Iowa  Bui.  No.  103,— Wis.  Bui.  Ko.  181. 


in  48  hours.  When  a  longer  time  is  to  be  allowed,  less  starter 
will  be  needed.  It  is  a  good  plan  to  get  some  butter-milk  from  a 
neighbor  who  makes  good  butter,  if  a  good  starter  cannot  be  se- 
cured at  home.  This  method  would  be  farther  improved  if  the 
cream  were  pasteurized  before  the  starter  were  added.  The  only 
instrument  needed  for  this  is  a  common  floating  dairy  ther- 
mometer, which  can  be  bought  for  about  twenty-five  cents  from 
any  dairy  supply  house.  Simply  put  the  cream  as  soon  as  sepa- 
rated or  skimmed,  upon  the  stove  and  heat  it  up  to  150°  F.  or 
160°  F.  Then  cool  it  to  the  temperature  at  which  it  is  to  be  kept 
until  sour,  and  add  the  starter.  Of  course  where  the  cream  from 
three  or  four  separations  is  to  be  mixed  together,  the  starter 
need  be  added  only  once,t  but  each  lot  should  be  pasteurized. 
r,y  pasteurizing  the  cream  and  using  a  starter,  the  butter  wih 
be  found  to  keep  better  than  if  the  cream  is  allowed  to  sour  1:)y 
chance.  The  most  common  complaint  against  island  butter  is 
that  it  does  not  keep.  The  above  method  will  remedy  this  evil. 
As  a  rule  it  is  best  to  keep  the  cream  at  such  a  temperature  that 
it  will  be  ready  for  churning  in  about  48  hours,  but  where  few 
cows  are  kept  a  shorter  time  is  permissable. 


SHALLOW  PANS. 


Cream  or  milk  should  not  be  kept  in  shallow  pans.  These  pans 
ex])ose  a  great  amount  of  milk  to  the  air  and  this  permits  it  to 
absorb  bad  odors,  and  also  gives  great  opportunity  for  large  nunr 
l)ers  of  germs  to  enter  the  milk.  It  also  allows  the  top  of  the 
cream  to  dry  out  and  become  tough.  This  tough  cream  causes 
white  specks  and  a  mottled  appearance  in  the  butter. 


DEEP  CANS. 


The  cream  should  be  set  in  deep  tin  cans,  as  shown  in  the  illus- 
tration. These  are  easy  to  clean,  easy  to  handle  and  expose  very 
little  cream  to  the  air.  They  should  be  lightly  covered,  with  clean 
paper,  cheese-cloth  or  a  loose  fitting  cover. 


t  At  the  Hilo  Boarding  School,  it  was  found  to  be  better  to  add  the 
starter  to  the  second  of  four  lots  of  cream. 


Cream  is  ready  t(i  churn  when  it  has  a  pleasant  acid  taste 
and  smell,  and  when  it  pours  like  molasses.  It  re(|iiircs  skiH  and 
practice  to  determine  when  cream  is  at  its  very  best  state  to 
churn.     h>cn  the  most  skillful  and  experienced  |)erson  will  make 


mistakes.  On  this  account  it  is  advisrdik^  to  use  an  add  tester  to 
determine  the  condition  of  ihe  cream.  'The  outfit  necessary  for 
this  can  l:)e  purchased  from  dairy  supply  liouses  for  about  $5.00, 
»»id  the  use  of  one  of  these  outfits  will  do  much  towards  pro- 
ducing^ a  uniform  product.  Suflt'iciciit  directions  come  with  the 
•)utfit  to  enable  any  inexperienced  person  of  intelligence  to  use  it 
with  gxK)(l  rcsidts. 


CIIlJRNINn. 


The  barrel  churn  is  the  l)est  climm  for  farm  use.     When  the 
nifnmt  of  cream  to  be  handled  becomes  loo  bulky  for  a  large 


sized  barrel  churn,  it  will  pay  to  get  a  combined  churn  and  but- 
ter worker,  and  the  latter  will  pay  even  with  fifteen  cows. 


TEMPERATURE. 

The  cream  to  be  churned  should  be  at  a  temperature  of  about 
55°  Fahr.  If  the  buttermaker  has  a  dairy  thermometer  and  uses 
it,  he  will  soon  determine  the  proper  temperature  at  which  he 
should  churn.  If  the  churning  temperature  is  too  warm  the  but- 
ter will  be  soft,  and  if  worked  in  that  condition  will  become 
greasy,  and  it  will  be  hard  to  get  the  wash  water  out.  If  the 
cream  is  too  cold  the  churning  may  be  retarded. 

PREPARING  THE   CHURN. 

To  prepare  the  churn,  first  pour  into  it  a  few  quarts  of  boiling 
water,  fasten  the  lid  on  loosely  so  as  to  permit  the  steam  to 
escape.  Revolve  the  churn  a  few  times,  and  then  empty  out  the 
water.  The  pressure  of  the  steam  will  fill  all  the  pores  of  the 
churn  with  water,  and  the  cream  will  not  stick  to  the  churn.  The 
churn  must  then  be  cooled  off  by  putting  some  clean  cold  water 
into  it.  Replace  the  lid  and  revolve  the  churn  rapidly  three  or 
four  times.     Empty  out  the  water  and  the  churn  is  ready  to  use. 

The  cream  should  be  strained  into  the  churn  through  a  coarse 
wire  strainer.  This  will  remove  lumps  of  hard  curdled  cream 
which  cause  specks  in  the  butter.  If  butter  color  is  to  be  used  it 
should  be  added  at  this  time,  before  churning  commences. 

The  churn  should  be  revolved  just  as  rapidly  as  can  be  done 
without  having  the  cream  revolve  with  the  churn.  It  is  the 
splashing  which  knocks  the  little  globules  of  fat  together  so  that 
they  are  united,  consequently  the  more  concussions  there  are  to 
take  place  inside  the  churn  per  minute,  the  quicker  the  butter 
comes.  The  wooden  plug  in  the  churn  should  be  removed  at 
frequent  intervals  during  the  first  few  minutes  of  churning  so  as 
to  ])ermit  the  gas  to  escape. 

Churning  should  cease  when  the  butter  is  gathered  in  little 
lumps  the  size  of  rice  kernels.  The  buttermilk  may  then  be 
drawn  off  through  the  hole  in  the  bottom  of  the  churn,  using  the 
coarse  strainer,  before  mentioned,  to  catch  stray  lumps  of  butter. 
Let  the  buttermilk  draw  off  well. 


,Poiir  into  the  churn  about  as  much  I'crv  cold  water  a 
was  crcarn  to  he<jjiii  with.  C'lose  the  churn,  and  revolve 
[ast  three  or  four  times.  Remove  the  stopper  and  let  tht 
<h-ain  off. 


A  Cheap  Efficient  Butl 


Add  to  the  butter  alxnit  an  ounce  of  salt  to  the  pound  of  Imt- 
ler.  It  may  be  necessary  to  weigh  the  butter  before  salting;,  but 
nlways  weigii  and  salt,  l^emcrnbcr  that  salt  is  cheap,  and  tliat  it 
is  poor  policy  to  put  in  less  salt  than  your  customers  want.  The 
•"■alt  should  be  very  tine  and  should  be  sifted  evenly  ewer  the 
butter,  either  in  the  churn,  or  on  the  worker. 


WORKING. 

Ihitter  should  be  worked  till  the  salt  is  evenly  mixed  all  throuijh 
llic  butter,  and  till  the  water  does  not  show  in  large  droj}S.  He- 
niember  that  customers  have  no  objection  to  a  small  amount  of 


water  in  the  butter  as  long  as  it  does  not  show.  If  butter  is  sof*- 
whcn  worked,  the  water  will  appear  in  large  drops.  Never  give 
a  sliding  motion  to  the  worker  or  ladle.  A  sliding  slipping 
motion  tends  to  give  the  butter  a  greasy  appearance,  which  is 
objectionable.  The  same  thing  will  happen  if  the  butter  is  too 
w^arm.  A  wise  maker  will  put  his  butter  away  till  it  is  cold, 
rather  than  work  it  soft. 

PRINTING. 

lu)r  the  island  market  butter  should  be  put  into  pound  prints, 
and  be  neatly  wrapped  in  parchment  paper.  Printers  can  be 
l}oug]it  from  dairy  supply  houses  similar  to  the  illustration,  which 
are  filled  l)y  i)ressing  the  printer  into  the  mass  of  butter,  and  are 
em])tied  by  merely  pressing  the  plunger.  The  butter  should  be 
put  u])  in  attractive  packages.  It  is  the  outside  that  sells  the 
article.     Rectangular  i)rints  are  preferable  to  round. 

WASHING  DAIRY  UTENSILS. 

Ihickets,  cans,  etc.,  should  first  be  washed  in  warm  water  and 
then  in  water  boiling  hot.  They  should  be  so  hot  that  no  wi])ing 
is  needed  to  dry  them.  If  they  are  washed  in  hot  water  first, 
tile  milk  will  be  cooked  on,  and  they  will  be  hard  to  clean.  lioil- 
iug  water  kills  all  the  germs. 

The  churn  should  be  wrinscd  out  with  warm  water  after  using, 
and  then  with  boiling  water,  after  which  it  should  be  allowed  to 
drain  and  air  out. 

Sunshine  is  a  great  germ  destroyer.  Let  the  dairy  utensils 
have  i)lenty  of  sunshine. 

BUILDINGS,    ETC. 

The  regulations  of  the  Board  of  Health  about  buildings  are  so 
explicit  that  it  would  be  useless  to  dwell  upon  that  subject  in  this 
bulletin. 

SHORT  RULES. 

Germs  are  the  best  friends  and  the  worst  foes  of  the  butter- 
maker. 

It  is  one  kind  of  germs  that  gives  good  flavor  to  sour  cream. 
It  is  other  kinds  of  germs  that  make  bad  flavors  in  butter. 


Do  not  take  chances.  Kill  tiie  1)a(l  i^'crins  and  t^-rovv  the  i^^iiocl 
erms.     Pasteurize  <n,i(l  use  a  starter. 

A  .small  speck  ol"  dirt,  or  a  sitigle  cow's  hair  may  harlior  count> 
'ss  t^'crnis.     See  that  your  niillv  is  clean. 

Ko  dairy  utensils  except  the  cliinii  shonhl  be  made  of  wood 
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Jk  Strong  Unlit  Can  In  Wliich  tti  Ripen 
Creani.     It  is  Easy  to  Clean. 

j^'alvanizfd  iron  or  euamclware.  Wooden  and  .14'alvanized  iron 
nteusils  are  fjH)  roui^ii  an,d  full  of  cracks  tu  clean  well  an<l  t^i-anitc^ 
ware  is  good  only  when  new  and  not  chipped.  Smooth,  heavily 
liinied  buckets  and  cans  willi  all  skaafs  saiootiily  soldered  are 
Hie  only  vessels  that  can  l3e  well  cleaned. 

Use  a  good  brush  tor  washing  bncket  and  carrs.  Kever  use 
llie  dislrclofh.  Dish-cloths  smear  germs  all  over  everywhere, 
h)ish-cIotlis  do  n(3t  clean  corners. 

Difficnlty  in  ehiiniing  is  nsnally  due  to  one  or  more  uf  the 
tejllowiiig-  causes : 

U     The  cream  may  be  too  cold,  too  tliin,  or  too  thick. 

-.     The  churn  maA'  have  too  nuich  cream  in  it. 


10 

3.  The  cream  may  have  been  kept  for  too  long  a  time. 

4.  A  farrow   (or  stripper)   cow's  milk  may  be  causing  the 
trouble. 

5.  The  cows  may  be  getting  feed  which  is  too  dry. 

6.  The  butter-maker  may  be  incompetent,  and  should  consult 
an  expert  butter-maker. 
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C.  A.  SAHR,  Assistant  in  Agronomy. 


It  is  a  matter,  of  record  that  cotton  culture  has  been  attempt^ 
in  Hawaii  upon  several  different  occasions,  but  there  can  be  x\o^ 
doubt  but  what  the  attempt  thdt  has  been  made  in  the  last  fqw 
years  -has  been  the  largest  and  most  systematic  of  any  attempts 
made.  It  seems  to  be  that  the  profitableness  of  cotton  culture  is 
goingj  to  depend  largely  upon  the  success  that  is  obtained  in  con- 
trolling insect  pests.  Cut  worms,  aphis,  mealy  bugs  and  others 
at  times  cause  considerable  damage  to  the  cotton  plants,  but  the 
one  pest  that  does  more  damage  than  all  others  combined  is  the 
small  boll  worm  (Gelechia  gassy piella).  In  fields  where  the 
worm  has  been  undisturbed,  as  high  as  60  to  75  per  cent  of  the 
bolls  have  been  infested  by  this  boll  worm,  in  which  case  the  cot- 
ton that,  may  be  picked  from  the  field  will  not  be  sufficient  to 
pay  any  profit  on  the  labor  involved  in  producing  the  crop. 


.•%. 


In  Bulletin  No.  18  of  this  Station  a  detailed  description  of  the 
insect  has  been  given  and  from  this  we  take  the  life  history 
which  is  as  follows : 

The  eggs  are  deposited  singly  upon  squares,  flowers  or  leaves — 
from  which  in  about  ten  days  the  larva  or  worm  is  hatched.  The 
larva  feeds  upon  the  plant  for  a  period  of  about  twenty-three 
days,  after  which  it  pupates  and  emerges  from  the  pupa  as  an 
adult  or  moth  fourteen  days  later.  After  a  few  days  the  moth 
will  begin  egg-laying  and  lives  for  several  days.  The  larva  is 
the  form  that  does  the  damage  to  the  cotton.  It  may  attack  the 
squares  or  flowers  and  destroy  the  vital  parts  of  the  flower,  in 
which  case  the  square  or  bloom  falls  to  the  ground.  Scores  of 
squares  from  each  plant  in  our  Caravonica  field  fell  to  the  ground 
during  the  month  of  April  as  a  result  of  insect  attack.  The  larva 
also  attacks  the  young  bolls  in  all  stages  of  growth  and  usually 
damages  the  lint  and  eats  out  the  seed  contents  and  causes  a  pre- 
mature opening  of  the  boll. 

It  has  been  our  observation  that  Sea  Island  cotton  is  more  sub- 
ject to  the  attack  of  this  worm  than  Caravonica  and  Egyptian 
somewhat  less  subject,  while  upland  cotton  is  the  least  subject 
of  all  varieties  to  their  attack.  The  worm  is  known  to  attack- 
other  host  plants  and  has  been  found  in  Milo  (Thespesia  pop- 
lilnea),  may  possibly  be  found  in  Hau  bushes  and  in  India  it  is 
said  to  attack  trees  which  have  oil-bearing  seeds. 

Because  of  its  occurrence  in  large  numbers  only  upon  cotton 
it  will  be  possible  in  a  measure  to  control  it  by  cultural  methods, 
and,  until  an  eflfective  parasite  is  found,  we  must  make  the  best 
use  possible  of  such  methods.  Jt  must  be  remembered  that  these 
additional  measures  add  to  the  expense  of  cotton  production  and 
so  long  as  eflfective  should  be  as  simple  as  possible.  However, 
the  pruning  advocated  being  necessary  for  other  reasons,  only 
the  two  others  given  should  be  considered  extra. 

Cultural  methods  include,  first,  annual  pruning;  .second,  clean 
culture ;  third,  trapping  the  mature  moths. 


PRUNING. 

By  severely  pruning  the  plants  in  the  fall  and  burning  all 
branches  and  bolls  immediately,  large  numbers  of  the  insect  in 
different  stages  will  be  destroyed.  If  no  other  host  plant  offers 
itself  most  of  the  insects  that  survive  the  fire  stand  great  chance 
of  perishing  before^  new  food  in  the  shape  of  squares,  flowers 
and  bolls  of  cotton  will  be  found  in  the  following  spring.  It  is 
important  that  this  work  should  be  done  in  as  short  a  time  and 
in  as  thorough  a  manner  as  possible  when  once  started  and 
that  all  plants  in  the  vicinity  should  be  pruned.  Ornamental 
plants  in  yards,  or  hedges  of  cotton  remaining,  or  any  plants  left 
in  the  field,  serve  as  breeding  places  for  the  ins.ect  in  which  they 
are  carried  over  for  the  next  crop.  This  we  learned  to  our  sor- 
row in  carrying  on  a  pruning  experiment  to  determine  at  what 
time  it  was  best  to  prune.  To  secure  best  results  in  burning  the 
green  branches,  a  good  hot  fire  should  be  started  with  dry  ma- 
terial and  the  work  of  piling  on  the  brush  will  be  greatly  facili- 
tated if  the  fire  is  placed  in  a  shallow  hole  or  gulch  near  the  cot- 
ton field.  In  clearing  land  of  guava  or  other  bushes  it  would  be 
well  to  leave  a  part  of  these  in  the  place  where  it  is  intended  to 
burn  the  cotton  prunings. 


i,.":<>in,n    Pli.iM    !i'r,,|ivriy    Pr.uiut!. 


Concerning  pruning  there  is  much  yet  to  be  learned, 
whether  it  shall  be  done  early  or  late,  high  or  low,  and  for  how 
many  years  the  plant  will  thrive  under  such  treatment.  All  that 
we  know  is  that  it  is  necessary  to  prune  occasionally  in  order  to 
control  the  size  and  shape  of  the  plants  and  to  maintain  the 
quality  of  the  lint.  From  experiments  in  1911  we  conclude  that 
with  us  fall  pruning  is  imperative  in  order  to  allow  proper  de- 
velopment of  the  plant  during  the  winter  months  when  moisture 
is  plentiful.  Plants  allowed  to  bear  during  this  time,  then 
pruned  about  March  first,  made  plants  only  about  two-thirds  as 
large  as  those  pruned  December  first.  The  increase  in  yield  of 
fall  pruned  plants  was  nearly  46  per  cent,  the  average  yield  per 
plant  being  1.2  pounds  and  .82  pounds  of  lint  per  tree  for  fall 
and  spring  prunings  during  the  second  year's  growth  of  the 
plants. 


PERCENTAGE  OF  BOLL  WORM  INFESTATION,.  1911. 
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From  this  it  will  be  seen  that  fall  pruning  is  unquestionably 
preferable.  We  have  no  conclusive  ideas  as  to  whether  to  prune 
high  or  low,  the  high  pruning  in  some  cases  excelling  while 
in  other  cases  the  low  pruned  plants  gave  the  better  yields.  One 
theory  given  is  to  prune  very  low  at  first  and  at  each  succeeding 
season  prune  a  few  inches  higher  so  as  always  to  cut  on  new^ 
growth.  After  several  such  treatments  it  may  become  necessary 
to  prune  low  again.  Another  plan  is  to  cut  high  and  low  alter- 
nately. However,  the  form  of  the  individual  plant  and  the  con- 
ditions under  which  it  is  grown,  rather  than  any  book  rule,  will 
determine  the  treatment  which  that  particular  plant  should  have. 
In  1911  the  yield  from  all  high  pruned  plots  (four  feet  high; 
slightly  exceeded  that  from  low  pruned  plots  pruned  two  feet 
High.    These  results  were  from  Caravonica  cotton. 

With  Sea  Island  cotton  our  experience  has  been  that  growth 
starts  low  even  upon  high  pruned  plants  so  that  low  pruning  be- 
comes necessary.  To  control  the  size  and  shape  of  the  plants 
the  pruning  of  Caravonica  becomes  more  necessary  than  for  other 
varieties  because  of  its  rank  growth,  but  in  order  to  control  the 
boll  worm  the  pruning  of  all  varieties  becomes  necessary. 

CLEAN    CULTURE. 

This  consists  in  picking  up  and  burning  fallen  squares  when 
known  to  contain  the  boll  worm  and,  secondly,  when  picking  the 
cotton  the  pickers  should  carry  an  extra  sack  in  which  the  in- 
fested bolls  should  be  put  and  carried  to  the  side  of  the  field 
and  later  burned.  This  part  of  the  fight  against  the  boll  worm  is 
in  many  cases  very  difficult  to  carry  on  since  the  laborers  in  the 
field  look  upon  it  as  just  so  much  extra  and  unnecessary  work, 
but  if  any  headway  is  to  be  made  against  the  boll  worm  or  if 
any  profit  from  the  crop  is  expected  some  means  should  be  taken 
to  get  this  work  done  by  the  cotton  pickers.  At  the  Station  we 
have  also  fumigated  the  seed  cotton  at  the  gin  house  with  hy- 
drocyanic acid  gas  but  some  of  the  worms  seem  to  have  sur- 
vived this  treatment. 


TRAPPING  THE  MATURE  MOTHS. 

The  moths  fly  by  night  and  many  may  be  caught  by  traps.  The 
junior  author  of  this  bulletin  has  improvised  a  simple  device 
which  is  herewith  illustrated  and  described.  A  post  is  set  in  the 
ground,  the  post  being  of  sufficient  height  to  hold  a  lantern 
above  the  plants  so  that  the  light  may  be  seen  for  some  distance. 
A  hole  1  1-2x6  inches  is  previously  bored  in  the  top  of  the  post. 
Into  this  a  wooden  pin  (3),  shaped  as  shown  in  the  cut,  is  fitted. 
The  top  of  the  pin  is  so  shaped  as  to  receive  a  pan  (4)  which 
may  be  made  similar  to  an  ordinary  cake  tin  2  or  3  inches  deep 
by  12  or  14  inches  in  diameter.  When  in  position  the  pan  con- 
tains water  with  a  coat  of  kerosene  oil.  After  the  pan  is  placed 
over  the  pin  a  square  piece  of  sheet  iron  (2)  is  screwed  to  the 
pin  to  support  the  lantern.  This  square  sheet  of  iron  should 
have  sides  of  length  equal  to  diameter  of  the  base  of  lantern^ 
and  should  have  three  corners  turned  up  and  with  a  pin  through 
the  fourth  to  hold  the  lantern  securely.  A  lantern  with  larger 
sized  globe  (1)  is  preferable  since  smaller  globes  get  hot  and 
then  break  should  there  come  a  dash  of  rain.  The  trap  as  put 
together  and  set  up  in  the  field  is  shown  in  the  cut  (5).  The 
moths  fly  towards  this  light  and  many  of  them  fall  into  the  pan 
and  are  destroyed.  Many  more  will  be  caught  upon  still  nights 
than  upon  windy  nights.  Where  winds  are  prevalent,  place 
trap  toward  the  leeward  side  of  the  field  and  where  winds  are 
not  prevalent,  traps  can  be  placed  at  equal  intervals  from  each 
other  or  in  the  center  of  small  fields.  Two,  three  or  even  one  such 
trap  per  acre  will  give  good  results.  When  one  considers  the 
great  egg-laying  capacity  of  a  single  moth  it  is  hard  to  over- 
estimate the  value  of  capturing  10  to  50  or  more  moths  a  night, 
possibly  per  acre,  if  they  are  plentiful.  By  pruning  partly  in  De- 
cember and  partly  in  March  we  commenced  the  picking  season 
of  1911  with  70  per  cent  of  bolls  infested  as  shown  in  the  ac- 
companying table,  and  then  by  fighting  the  insect  according  to 
the  methods  given  above  we  succeeded  in  controUing  the  situation 
somewhat  and  in  reducing  the  percentage  of  infestation  as  also 
shown  in  the  table. 


'  #*Si^ ' 


•ercenl  of  infested  bolls 


(jf  course  the  |>erceiil  of  infested  bolls  in  the  early  ptckuj.H^  ■>- 
larg-er  tlian  the  percent  of  the  total  number  of  bolls,  sinec^the 
worm  caused  so  manv  of  the  bolls  to  open  prematurely,  'iw 
table  also  shows  the  gi-cater  liability  to  attack  of  the  Sea  Island 
variety.  During-  the  season  of  1912  we  aim  to  get  the  benehi 
of  the  atraual  pruning  as  ilescribcd  by  doing  the  work  all  at  mv' 
time ;  in  which  case  we  hope  to  have  an  easier  fight  than,^in^  V)^ «  • 
yet  because  of  more  or  less  ornamental  cotton  and  tnilo  in  klotio^^ 
iulti  we  can  hardly  hope  to  start  clean.  I'pon  one  large  plai'^ 
ing  where  the  [iruning  and  burning  was  well  done  in  1910," ■^- 
we  are  informed  that  the  infestation  in  the  spring  of  1911  was 
very  light ;  but,  because  of  the  (htTiculty  to  gel  the  pickers  to  col- 
lect infested  bolls,  the  percentage  of  infestation  greatly  incrcas-n 
-»  ring  the  season.  This  shows  what  can  be  accomplished  by  ctn^ 
ploying  the  first  named  method  and  we  have  demonstrated  iIh^ 
value  of  the  second  and  third.  Other  host  plants  than  cotto-i 
most  always  be  kept  in  mind  and  cut  down  and  burned;  then  J* 
the  grower  works  faithfully  along  the  lines  mentioned  above  py 
may  hope  for  some  returns  for  his  labors. 


Hawaii  Agricultural  Experiment  Station, 

Horvouuuu. 


E.  V»  "WILCOX,  Special  Agent  in  Charge^ 
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A  STUDY  OF  HUMUS  IN  HAWAIIAN  SOILS. 


BY 

W.  P.  KELLEY, 

AND 

WILLIAM  McGEORGE. 


THE  DETERMINATION  OF  HUMUS. 

INTRODUCTION. 

During  recent  years  considerable  attention  has  been  given  to 
a  study  of  methods  for  the  determination  of  the  ammonia- 
sokible  organic  matter  in  soils.  In  these  investigations  some 
modification  of  the  method  originally  proposed  by  Grandeau 
has  usually  been  employed.  In  practically  all  the  methods  now 
used  the  soil  is  treated  with  a  4  per  cent  solution  of  ammonia 
after  removing  the  calcium  and  magnesium  by  the  preliminary 
extraction  with  dilute  hydrochloric  acid,  the  solution  thus  ob- 
tained being  considered  the  humus  solution.  In  this  paper  the 
term  "humus"  is  used  to  signify  the  organic  matter  of  soils 
soluble  in  a  4  per  cent  solution  of  ammonia  after  removing  the 
calcium  and  magnesium  with  dilute  hydrochloric  acid. 

The  Hilgard  method^  is  a  slight  modification  of  the  original 
method  as  proposed    by    Grandeau    and    consists    in    the  pre- 

1.  U.   S.  Dept.  Agr.,  Bur.  Chem.  Bui.  38,  p.  80. 


liminary  treatment  of  the  soil  with  a  1  per  cent  solution  of 
hydrochloric  acid  on  a  funnel,  after  which  the  soil  is  extracted 
with  a  4  per  cent  solution  of  ammonia  until  the  extract  is  color- 
less. During  this  process  the  surface  of  the  soil  is  protected 
from  puddling  by  a  disc  of  filter  paper.  The  filtrate  is  then 
evaporated  to  dryness  and  incinerated,  the  loss  upon  ignition 
being  expressed  as  humus. 

The  method  of  Huston  and  McBridei  consists  in  shaking  10 
grams  of  soil  for  a  definite  length  of  time  with  a  definite  volume 
of  4  per  cent  solution  of  ammonia,  after  the  preliminary  ex- 
traction with  dilute  hydrochloric  acid.  The  solution,  upon 
standing  12  hours,  is  filtered,  and  an  aliquot  evaporated  to  dry- 
ness and  incinerated  as  in  the  Hilgard  method.  This  method, 
with  slight  modifications,  has  been  adopted  by  the  Association 
of  Official  Agricultural  Chemists  and  will  be  hereafter  referred 
to  as  the  official  method. 

For  some  time  it  has  been  recognized  that  the  official  method 
frequently  gives  abnormally  high  results,  and  as  has  been  shown 
by  a  number  of  investigations,  this  is  due  to  the  fact  that  the 
clay  becoming  deflocculated  by  ammonia  can  not  then  be  re- 
moved by  ordinary  filtration,  and  upon  evaporating  to  dryness 
the  solution  thus  obtained,  the  clay  still  contains  water  of 
hydration  which  can  not  be  completely  driven  off  at  temperatures 
below  the  point  of  decomposition  of  the  organic  matter.  Upon 
incineration,  however,  this  combined  water  is  driven  off  along 
with  the  organic  matter,  thus  giving  too  high  results.  Various 
methods  for  separating  the  clay  from  the  humus  have  been 
proposed.  Cameron  and  Breazeale^  used  a  Pasteur-Chamber- 
land  filter;  Peter  and  Averitt^  deducted  from  the  humus  10  per 
cent  of  the  humus  ash;  Mooers  and  Hampton*  coagulated  the 
clay  by  repeated  evaporation  on  a  water  bath;  Stoddart^  coagu- 
lated the  clay  by  use  of  ammonium  sulphate  after  which  he 
precipitated  the  humus  with  hydrochloric  acid;  Fraps  and  Ham- 
ner^  used  a  solution  of  potassium  chlorid  to  coagulate  the  clay ; 
Rather"^  attempted  to  make  the  separation  by  means  of  electro- 

1.  U.  S.  Dept.  Agr.,  Bur.  Chem.  Bui.  38,  p.  80. 

2.  Jour.  Amer.  Chem.  Soc,  26    (1904),  p.  29. 

3.  Kentucky  Sta.  Bui.  126,  p.  122. 

4.  Jour.  Amer.  Chem.  Soc,  30   (1908),  p.  805. 

5.  Jour.  Indus,  and  Bngin.  Chem.,  1   (1909),  p.  72. 

6.  Texas  Sta.  Bui.  129. 

7.  Texas  Sta.  Bui.  189. 
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lysis  and  found  that  a  change  in  the  composition  of  both  the 
organic  and  inorganic  constituents  took  place.  In  addition,  he 
proposed  a  new  method,  which  consists  in  coagulating  the  clay 
by  the  use  of  ammonium  carbonate,  a  salt  which  is  volatile  be- 
low 100°  C.  This  method  has  been  studied  recently  by  the  asso- 
ciate referee  on  soils  for  the  Association  of  Official  Agricultural 
Chemists.  Recently  Wells,  Stevenson,  and  Coover^  made  use 
of  a  centrifuge  in  separating  the  humus  from  the  clay. 

A  number  of  investigations  of  these  methods  have  been  made 
during  recent  years,  and  while  practically  all  are  agreed  that 
the  official  method  is  unreliable,  conflicting  reports  as  to  the  re- 
liability of  other  methods  have  been  issued.  In  a  critical  study 
of  this  question,  Alway,  Files,  and  Pinckney^  compared  the  Hil- 
gard,  official,  Cameron-Breazeale,  and  Mooers-Hampton  meth- 
ods with  twelve  different  soils  from  Nebraska  and  concluded 
from  their  experiments  that  the  official  method  is  wholly  un- 
reliable, while  the  methods  of  Hilgard,  Mooers-Hampton,  and 
Cameron-Breazeale    (when  slightly  modified)    are  accurate. 

EXPERIMENTAL. 

In  connection  with  soil  studies  in  this  laboratory,  consider- 
able time  has  been  devoted  to  the  determination  of  the  so-called 
humus  in  Hawaiian  soils  and  it  has  been  recognized  for  some 
time  that  the  results  obtained  by  the  use  of  the  official  method 
are  unreliable.  The  soils  under  investigation  were  taken  from 
the  upper  lands  of  the  islands,  and  while  extremely  variable, 
frequently  contain  a  very  high  percentage  of  clay.  In  addition, 
the  clay  exists  in  a  state  of  very  fine  division.  It  is  a  common 
occurence  to  find  soils,  the  clay  content  of  which  will  remain 
in  suspension  indefinitely  when  shaken  with  distilled  water. 
This  study  led  to  an  investigation  of  the  methods  previously 
employed  in  humus  determinations. 

The  soils  used  in  this  investigation  represent  a  wide  range 
in  composition  and  properties.  The  humus,  as  will  be  shown 
varies  from  2.64  per  cent  to  18.27  per  cent  and  the  mechanical 
analyses  show  a  varied  physical  structure.  Since  the  chief 
difficulty  in  humus  determinations  is  associated  with  the  clay, 
the  mechanical  composition  of  the  soil  used  is  of  some  interest. 

1.  Iowa  Sta.  Bui.  124. 

2.  Nebraska  Sta.  Bui.  115. 


The  following  table  gives  the  results  of  mechanical  analysis  of 
the  soils. ^ 

Mechanical  analysis  of  soils  used  in  experiments. 


SOIL  NUMBERS. 

69. 

74. 

97. 

98. 

99. 

100. 

101. 

102. 

103. 

104. 

108. 

Organic  &  Com- 
bined water ... 

Per 

Cent 

44.60 

Per 
Cent 

25.83 

Per 

Cent 

14.32 

Per 

Cent. 

13.65 

Per 
Cent 

15.80 

Per 

Cent 

15.55 

Per 

Cent 

13.06 

Per- 
cent. 

14.67 

Per 

Cent. 

17.58 

Per 

Cent. 

16.17 

Per 

Cent. 

15.55 

Fine  Gravel 

5.94  \ 

164 

.09 

.12 

.86 

.41 

.14 

0.29 

.06 

.09^ 

.96 

Coarse  Sand 

26.72  ) 

.43 

.43 

.73 

1.65 

.50 

0.91 

.26 

.42  !> 

Fine  Sand 

8.65 
4.07 

38.03 
16.22 

1.62 
3.37 

2.11 
3.06 

2.35 
9.28 

1.65 
6.72 

1.33 
6.23 

1.12 
7.38 

.81 
5.60 

2.36 
6.44 

13.58 

Hilt 

6.25 

Fine  Silt 

5.09 

5.78 

19  99 
2.05 

27.19 
52.30 

26.32 
55.05 

32.69 
38.60 

18.45 
57.80 

28.88 
47.45 

18.87 
57.80 

22.70 
56.72 

29.07 
44.54 

13.35 

Clay 

51.26 

From  the  above  analysis  it  will  be  seen  that  some  of  these 
soils  contain  very  high  percentages  of  clay  and  fine  silt,  both 
of  which  will  remain  in  suspension  for  some  time.  A  pro- 
nounced characteristic  of  Hawaiian  soils  is  a  very  high  content 
of  iron,  wdiich  usually  imparts  to  the  soil  a  red  color.  In  con- 
nection with  humus  determinations,  it  is  important  to  know  not 
only  the  amounts  of  clay  in  the  soil,  but  something  regarding 
its  properties,  for,  as  will  be  shown  presently,  clay  is  a  sort  of 
generic  term  when  applied  to  soils,  and  usually  has  reference  to 
the  size  of  the  particles  and  does  not  imply  definiteness  regard- 
ing their  composition  and  properties.  From  analyses  made  in 
this  laboratory,  we  consider  the  clay  in  Hawaiian  soils  as  a 
mixture  of  several  substances,  some  of  which,  perhaps,  rarely 
occur  in  soils,  but  which  have  a  decided  bearing  on  the  applica- 
bility of  methods  for  the  determination  of  humus. 

In  all  humus  determinations  reported  in  this  bulletin,  except 
as  otherwise  stated,  the  solutions  were  made  according  to  the 
official  method,  and  when  the  entire  determination  was  com- 
pleted by  the  use  of  this  method  the  results  obtained  were  as 
follows  : 


1.  Analyses    made    by    the    method    as    outlined    by   Hall.     The   Soil. 
London,  1908,  2.  ed.,  p.  51. 


Determinations  made  by  official  method  showing  ahnonnallii 
high  humus  ash. 


SOIL  NUMBERS. 

97. 

98. 

99. 

100. 

101. 

102. 

103. 

104. 

Humus 

Per 

Cent. 

4.30 
13.25 

Per 
Cent. 

5.94 

20.92 

Per 

Cent. 

5.12 
10.54 

Per 

Cent 

6.38 
33.20 

Per 
Cent. 

4.64 

15.18 

Per 
Cent- 

4.34 

13.15 

Per 

Cent. 

6.31 
25.42 

Per 

Cent. 

3.54 
7.67 

Humus  Ash 

The  above  data  were  considered  unreliable  for  two  reasons : 
(1)  the  percentages  of  humus  are  considerably  higher  than  the 
general  properties  of  these  soils  would  indicate;  and  (2)  the 
humus  ash  is  many  times  higher  than  the  humus  could  possibly 
contain  as  mineral  matter  chemically  combined  with  it.  In  addi- 
tion, the  humus  ash  in  each  instance  was  found  to  be  red  in 
color  and  similar  in  appearance  to  the  clay  in  these  soils.  From 
these  results  it  is  at  once  apparent  that  the  official  method  is 
likely  to  be  inaccurate  when  applied  to  such  soils. 

This  investigation  has  led  to  the  study  of  a  number  of  the 
most  important  methods  previously  used  in  the  determination 
of  humus,  and  from  this  study  it  seems  that  under  certain  cir- 
cumstances a  number  of  these  methods  will  give  reliable  results. 
A  partial  explanation  of  the  disagreement  among  the  several 
publications  dealing  with  this  subject  is  probably  found  in  the 
fact  that  the  soils  studied  were  very  different  in  composition  and 
properties.  If  this  assumption  be  true,  it  then  becomes  a  mat- 
ter of  both  practical  and  theoretical  importance  to  know  the 
properties  of  the  soil  at  hand,  and  if  possible,  find  a  method  that 
is  universally  applicable. 

Among  the  methods  used  in  these  investigations  are  those 
of  Hilgard,  Mooers  and  Hampton,  Cameron  and  Breazeale,  and 
Rather.  Since  the  chief  difficulty  to  be  overcome  in  humus 
determinations  is  that  of  removing  the  clay,  the  humus  ash  has 
been  determined  in  each  instance.  The  followiing  table  show:; 
the  results  as  obtained  by  the  use  of  the  several  methods : 


Comparison  of  several  methods  in  present  use, 
HUMUS. 


Soil  numbers. 

Method. 

69. 

74. 

97. 

98. 

99. 

100. 

101. 

102. 

103. 

104. 

108. 

Official 

Per 

Cent. 

Per 

Cent. 

Per 

Cent. 

4.30 
2.43 

2.68 
2.34 
4.32 

Per 

Cent. 

5.94 
2.61 
2.70 
2.38 
4.15 

Per 

Cent. 

5.12 
3.68 
3.17 
2.91 
5,01 

Per 

Cent. 

6.38 

2.32 
2.24 
6.03 

Per 

Cent. 

4.64 
2.95 
3.72 

2.85 
5.64 

Per 

Cent. 

4.34 
2.71 
3.20 
2.24 
4.38 

Per 

Cent. 

6.31 

Per 

Cent. 

3.54 

Per 

Cent. 

Hilgard 

15.63 
18.74 
12.30 
20.75 

5.26 
5.32 
3-98 
6.49 

Mooers-Hampton 

('amerou-Breazeale. 
Rather 

3.72 
2.94 
5.95 

2.68 
2.36 
4.81 

3.8  i 

2.29 
8.24 

HUMUS  ASH. 


Official 

Hilgard 

Mooers-Hampton  ... 
Cameron-Breazeale. 
Rather 


5.44 
6.: 
1.09 
7.71 


1.85 
1.33 
1.81 
2.51 


13.25 

2.46 

.60 

.28 

12.94 


20.92 

2.56 

.84 

.74 

11.43 


10.54 

2.00 

.65 

.33 

10.40 


33.20 


.41 

.33 

25.69 


15.18 

4.28 

1.52 

.31 

17.61 


13.15 

1.82 

1.70 

.30 

10.28 


.57 

20.49 


7.67 


1.17 

.23 

12.74 


,44 

.46 

32.69 


From  these  results,  it  is  evident  that  there  is  a  wide  range 
of  variation  in  the  percentage  of  both  the  humus  and  humus 
ash  when  determined  with  the  various  methods,  and  that  a 
strict  concordance  does  not  exist  between  the  results  obtained 
by  any  two  methods.  It  is  true  the  results  obtained  by  the 
use  of  the  Hilgard,  Mooers-Hampton,  and  Cameron-Breazeale 
methods  are  in  fair  agreement  in  certain  instances,  but  on  the 
whole  they  are  too  discordant  to  permit  their  indiscriminate  use. 
By  reference  to  the  humus  ash  it  will  be  seen  that  none  of  these 
methods  save  that  of  Cameron-Breazeale  effected  a  complete  re- 
moval of  the  clay  in  every  instance.  The  Rather  method,  in 
most  instances,  brought  about  no  coagulation  of  the  clay  what- 
ever, and  therefore,  in  its  original  form,  can  not  be  reHed  upon 
with  these  soils.  By  the  use  of  the  method  of  Mooers-Hampton 
it  was  found  to  be  necessary  to  evaporate  the  humus  solutions 
to  dryness,  in  some  instances  as  many  as  six  times,  allowing 
the  residue  to  bake  at  the  temperature  of  boiling  water  for  some 
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hours  after  becoming  dry,  and  even  then  a  partial  deflocculation 
of  the  clay  upon  complete  resolution  in  ammonia  was  unavoid- 
able. In  the  main,  however,  this  method  can  be  manipulated  so 
as  to  remove  the  clay,  at  least  to  the  point  where  it  is  of  small 
importance.  The  time  required,  however,  together  with  the  fact 
that  the  evaporatations  have  to  be  made  in  an  atmosphere  free 
from  acid  fumes,  makes  the  method  tedious  and  impracticable. 
There  is  evidence,  as  will  be  shown  later,  that  a  partial  oxidation 
of  the  humus  also  takes  place. 

The  method  of  Cameron  and  Breazeale,  while  originally  not 
proposed  as  a  quantitative  method,  has  been  studied  by  a  num- 
ber of  chemists,  the  results  of  which  show  it  to  be  an  effective 
means  of  removing  the  clay,  but  one  that  is  likely  to  bring  about 
a  change  in  the  concentration  of  organic  constituents.  The  ap- 
paratus previously  employed  makes  UvSe  of  increased  pressure 
supplied  by  means  of  compressed  air  and  the  solution  is  forced 
through  a  Pasteur-Chamberland  tube  from  an  annular  space 
connected  with  a  compression  chamber,  and  is  collected  from 
the  tubular  part  of  the  filter  which  projects  from  a  close  fitting 
joint  below.  When  solutions  are  made  to  volume  previous  to 
passing  through  the  filter,  and  an  aliquot  taken  after  passage, 
considerable  difference  in  the  concentration  is  likely  to  be  ob- 
served. Variation  in  the  pressure,  as  well  as  different  tubes, 
affect  solutions  unequally.  The  effect  of  the  tubes  is  due  to 
two  causes :  first,  the  clay  filter  has  the  property  of  absorbing 
substances  from  solutions,  especially  organic  compounds;  second, 
the  clay  may  act  as  a  semipermeable  membrane,  thus  permitting 
some  substances  in  solution  to  pass  through  unchanged,  while 
the  concentration  of  still  others  is  modified. 

The  humus  solution  is  a  complex  mixture  and,  as  will  be 
pointed  out  later,  varies  greatly  from  soil  to  soil  so  that  it 
seems  unlikely  that  a  factor  could  be  found  that  would  compen- 
sate for  the  changes  produced  in  the  ordinary  passage  through 
a  clay  filter.  The  effects  produced  by  the  clay  filter  on  the 
humus  solution  appear  to  be  largely  in  the  nature  of  absorptioii 
and  upon  passing  the  solution  through  for  some  time  an  equili- 
fbrium  is  established  between  the  solution  and  the  filter,  and  no 
further  change  occurs.  Some  humus  solutions,  of  about  500  c.  c. 
vol.,  were  passed  through  such  a  filter,  an  aliquot  of  75  cubic 
centimeters   removed,   and  the  remaining  volume   again  passed 
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through  the  filter.  This  process  being  repeated  several  times 
and  aliquots  removed  after  such  passage  as  above.  These  ali- 
quots  were  evaporated  to  dryness  and  incinerated  and  the  re- 
sults are  recorded  in  the  following  table: 

Effect  of  repeated  filtration  through  clay  filter  r 
HUMUS. 


Soil  samples.. 


101 
102 
108 
104 


Number  of  successive  filtratious 


Per 
Cent. 

1.97 

2.28 

2.40 

2.24 


Per 

Cent. 

2.06 
1.80 
2.58 
2.28 


Per 

Cent. 

1.99 
2.20 
2.82 
2.60 


Per 
Cent. 

2.20 

2.10 

2.34 


Amounts  present 
in  original 
solutions 


Per 

Cent. 


2.02 
2.40 


Per 

Cent. 


2,02 
2,52 


Per  Cent. 
3.61 
3.37 
4.74 
3.22 


HUMUS  ASH. 


101 

0.07 

0.06 

0.10 

0.06 

.78 

102 

^34 

.30 

.54 

.28 

0.20 

0.32 

.70 

103 

.18 

.36 

.46 

.30 

.32 

.36 

1.12 

104 

.78 

.72 

.36 

.76 

From  these  data  it  is  apparent  that  a  pronounced  change  in 
the  concentration  took  place  during  the  first  passage,  whereas 
successive  filtrations  produced  little  further  effects. 

For  example,  sample  No.  102,  whose  actual  humus  content 
was  3.37%  (determined  by  Mod.  Clay  Filter  method)  on  pass- 
ing through*  the  clay  filter  according  to  the  ^Cameron  and  Brea- 
zeale  method  was  found  to  be  only  2.28%,  or  a  loss  of 
1.09%.  On  repassing  this  filtrate  through  the  same  filter  and 
taking  aliquots  after  each  passage  there  was  practically  no  more 
absorption  of  organic  matter  after  the  first  filtration.  This  fact 
indicates  the  possibility  of  a  state  of  equilibrium  between  the 
filter  and  humus  extract. 


1.  Loc.  cit. 


Alway^  and  his  associates  overcame  the  difficulties  attending 
the  use  of  the  clay  filter  by  passing  a  definite  portion  of  the  so- 
lution through  the  filter  then  forcing  through  a  4  per  cent,  solu- 
tion of  ammonia  until  the  filtrate  contained  no  organic  matter. 
The  solution  and  washings  thus  obtained  were  combined  and 
made  to  volume  and  aliquots  evaporated  to  dryness  for  the  de- 
termination of  humus.  In  this  study  these  investigators  found 
this  modification  of  the  clay  filter  method  reliable  and  accurate, 
but  they  state  that  it  is  too  tedious  to  be  of  practical  value. 

A    MODIFIED   CLAY    METHOD. 

From  the  failure  to  effectively  remove  the  clay  by  any  other 
means  than  by  the  use  of  the  porous  clay  filter,  attention  was 
directed  toward  overcoming  the  difficulties  attending  its  use. 
As  a  result  a  slight  modification  of  the  method  of  Alway  and 
others  has  been  found  to  be  both  effective  and  practical,  and 
with  which  it  is,  we  believe,  possible  to  secure  accurate 
results  with  any  soil.  The  essential  feature  of  the  method  con- 
sists in  passing  a  definite  aliquot  of  the  humus  solution  through 
the  filter,  then  forcing  through  ammonia  until  the  solution  con- 
tains no  organic  matter,  as  was  done  by  Alway  and  others. 

The  difficulties  of  this  method  have  been  overcome  as  fol- 
lows :  The  solution  is  drawn  through  the  filter  in  the  reverse 
direction  from  that  ordinarily  employed.  Instead  of  using  the 
compression  chamber,  an  ordinary  suction  pump  was  employed. 
The  tube  of  glazed  porcelain,  attached  to  the  lower  end  of  an 
eight-inch  Pasteur-Chamberland  tube,  was  broken  off  so  as  to 
leave  this  end  of  the  tube  open;  then  the  tube  was  inserted  into 
the  upper  opening  of  a  bell  jar,  such  as  is  used  for  filtering 
with  suction,  in  a  manner  similar  to  that  employed  in  the  use 
of  a  Gooch.  A  large  part  of  the  tube  was  allowed  to  extend 
into  the  filtering  jar  and  the  connection  is  made  air-tight  by 
means  of  a  short  piece  of  Gooch  tubing  or  a  rubber  stopper 
(fig.  1.)  It  was  also  found  desirable  to  coat  the  upper  portion 
of  the  tube  with  paraffin  so  as  to  prevent  the  passage  of  the 
solution  except  in  the  lower  half  of  the  filter  tube,  otherwise  the 
solution  will  pass  down  the  side  of  the  bell  jar. 

1.  Loc.  cit. 
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Fig  I. 
Apparatus  used  in  modified  Clay  Filter  Method. 


"^^  ///fer  jbi//ii/}' 
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A  50  cubic  centimeters  aliquot  of  humus  solution/  which  rep- 
resents 1  gram  of  soil,  is  drawn  through  the  tube  by  means  of 
reduced  pressure,  the  filtrate  being  collected  in  a  short  cylinder. 
After  the  entire  aliquot  is  drawn  through,  a  4  per  cent  solution 
of  ammonia  is  then  passed  through  so  long  as  it  shows  any 
color.  Usually  about  200  cubic  centimeters  is  required.  In  no 
instance  have  we  found  it  necessary  to  use  more  than  250  cubic 
centimeters.  The  filtrate  and  washings  are  then  evaporated  to 
dryness  and  the  determinations  completed  as  usual. 

Some  difficulty  was  experienced  in  completely  removing  the 
clay  in  certain  soils.  There  was  found  to  be  considerable  dif- 
ference in  different  tubes  in  this  respect.  Some  filters  will  re- 
move all  clay,  while  others  seem  to  allow  a  small  amount  of 
the  most  finely  divided  clay  t  opass  through.  After  each  filtra- 
tion the  tube  should  be  washed  out.  A  test-tube  brush  was 
found  to  be  serviceable  in  removing  the  clay  from  the  inner 
walls  of  the  filter  tube. 

The  time  required  to  complete  a  filtration  was  found  to  be 
about  3j^  hours,  and  by  arranging  a  number  of  filtering  jars 
in  a  series  an  ordinary  Richardson  pump  will  provide  suction 
for  at  least  three  filters,  and  with  close-fitting  connections  it  is 
probably  possible  to  operate  one-half  dozen  filters  with  one 
pump.  In  any  event,  at  least  one-half  dozen  solutions  can  be 
filtered  in  one  day  by  this,  apparatus.  No  attention  is  required 
further  than  an  occasional  moment  for  pouring  in  solutions  and 
the  entire  process  can  be  carried  out  along  with  other  work 
without  interruption. 

For  the  sake  of  comparison,  the  results  obtained  by  the 
official,  Hilgard,  Mooers-Hampton,  Cameron-Breazeale,  Rather, 
and  modified  clay  filter  methods  are  submitted  in  the  following 
table: 


1.  The  preliminary  extractions  with  hydrochloric  acid  were  made  by 
digesting  10  grams  of  soil  in  200  cubic  centimeters  of  fifth  normal  hydro- 
chloric acid  at  ordinary  laboratory  temperature  for  5  hours,  filtering  and 
washing  free  from  acid  with  distilled  water,  as  outlined  by  Fraps  in  his 
directions  for  co-operative  study  of  humus  determination  for  the  Asso- 
ciation of  Official  Agricultural  Chemists,  May,  1911. 


^p^i^fJ-^Cfs-T-r-t    W^'S^  " 
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Comparison  of  several  methods  with  the  modified  clay  filter  method. 

JIUMDS. 


Soil  numbers. 

Method. 

69. 

74. 

97. 

98. 

99. 

100. 

101. 

102. 

103. 

104. 

108. 

Official 

Per 
Cent. 

Per 
Cent 

Per 
Cent 

4.30 

2.43 

2.68 

2.34 

4.32 

2.64 

Per 
Cent 

5.94 

2.61 

2.70 

2.38 

4.15 

2.81 

Per 
Cent 

5.12 

3.68 

3.17 

2.91 

5.01 

3.84 

Per 
Cent 

6.38 

2.32 
2.24 
6.03 

3.48 

Per 

Cent 

4.64 
2.95 
3.72 
2.85 
5.64 

3.61 

Per 
Cent. 

4.34 

2.71 

3.20 

2.24 

4.38 

3.37 

Per 
Cent 

6.31 

Per 

Cent 

3.54 

Per 

Cent 

Hilgard 

15.63 

18.74 
12.30 
20.75 

18.27 

5.26 
5.32 
3.98 
6.49 

5.75 

Mooers-Hampton 

Cameron-Breazeale, 

Rather 

Modified     Clay 
filter 

3.72 
2.94 
5.95 

4.74 

2.68 
2.36 
4,81 

3.22 

3.84 
2.29 
8.24 

3.31 

HUMUS  ASH. 


Official 

Hilgard 

Mooers-Hampton 

Cameron-Breazeale. 
Rather 


Modified    Clay 
filter , 


5.44 
6.33 
1.09 
7.71 

2.14 


1.85 
1.33 
1.81 
2.51 

2.19 


13.25 

2.46 

.60 

.28 

12.94 

,54 


20,92 

2.56 

.84 

.74 

11.43 

.75 


10.54 

2.00 

.65 

.33 

10.40 

.57 


.41 

.33 

25.69 

.64 


15.18 

4.28 

1.52 

.31 

17.61 

.78 


13.15 

1.82 

1.70 

.30 

10.28 

.70 


25.42 


.57 
20.49 

1.12 


1.17 

.23 

12.74 

.76 


0.44 

.46 

32.69 

.99 


From  these  data  it  is  obvious  that  the  modified  clay  filter 
method  gives  results  higher  than  those  obtained  in  any  other 
method,  except  the  official  and  Rather  methods,  neither  of  which 
can  be  relied  on  with  Hawaiian  soils.  In  the  Hilgard  method  a 
cloudy  extract  continued  to  run  through  the  filter  paper  in  some 
instances  so  that  it  was  impossible  to  determine  by  the  color 
when  the  extraction  was  complete.  Incomplete  extractions, 
therefore,  probably  account  for  the  low  results  obtained  by  this 
method.  By  the  use  of  the  method  of  Mooers-Hampton  it  was 
found  to  be  extremely  difficult  to  redissolve  all  the  humus 
without  at  the  same  time  deflocculating  the  clay.  In  some  in- 
stances a  partial  oxidation  of  humus  may  have  taken  place.  The 
Cameron-Breazeale  method  was  also  found  to  be  unreliable.    By 
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any  of  the  previously  used  methods  it  was  extremely  difficult 
to  obtain  concordant  results  with  the  same  soil,  while  with  the 
modified  clay  filter  method  concordant  results  from  separate 
solutions  can  easily  be  obtained,  and  if  the  method  is  used  with 
care,  it  will  give  reliable  results.  The  following  table  shows  the 
agreement  in  duplicate  determinations  as  obtained  by  this 
method,  using  diflferent  solutions  in  each  instance : 


Duplicate  determinations  by  modified  clay  filter  method. 
HUMUS. 


Soil  numbers. 

Method. 

1            .            1 

69. 

74. 

97. 

98. 

99. 

100. 

101. 

102. 

103. 

Per 
Cent. 

104. 

108. 

Per 
Cent 

Per 
Cent. 

Per 

Gent. 

Per 

Cent. 

Per 

Cent. 

Per 
Gent. 

Per 
Cent. 

Per. 

Gent. 

Per 

Cent 

Per 
Cent. 

Modified     Clay 
filter  method 

18.23 

5.76 

2.61 

2.77 

3.87 

3.41 

3.58 

3.33 

4.82 

3.21 

3.30 

Do 

18.31 

5.73 

2.60 

2.85 

3.81 

3.55 

3.64 

3.41 

4.67 

3.23 

3.31 

HUMUS  ASH. 

Modified  Clay   fil- 
ter method 

2.38 

2.22 

0.57 

.53 

0.60 

0.55 

0.84 

0.73 

1.10 

0.79 

0.96 

Do 

1.89 

2.15 

.50 

.97 

.57 

.74 

.72 

.68 

1.13 

.74 

1.03 

In  co-operation  with  the  Association  of  Official  Agricultural 
Chemists  it  was  found  that  the  clay  in  some  Texan  soils  can  be 
readily  coagulated  by  the  use  of  ammonium  carbonate.  In  one 
instance  the  clay  in  a  humus  solution,  which  gave  an  ash  of 
34.59  per  cent  by  the  official  method,  was  completely  coagulated 
by  the  use  of  0.5  gram  of  ammonium  carbonate  per  100  cubic 
centimeters,  so  that  the  humus  ash  in  the  resulting  solution  was 
0.14  per  cent.  The  use  of  similar  amounts  of  ammonium  car- 
bonate in  the  humus  solutions  from  some  Hawaiian  soils  effected 
no  coagulation  of  clay  whatever.  In  certain  of  the  soils,  how- 
ever, it  was  found  possible  to  partially  remove  the  clay  with 
this  amount  of  ammonium  carbonate  and  this  behavior  sug- 
gested the  use  of  still  larger  quantities  of  ammonium  carbonate. 
After  a  number  of  trials,   it  was  found  that  ammonium  car- 
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bonate  at  the  rate  of  4  grams  per  100  cubic  centimeters,  upon 
standing,  effected  a  complete  coagulation  of  the  clay  in  all  the 
soils  examined,  except  Nos.  69  and  99.  The  results  obtained  by 
the  use  of  the  modified  clay  filter  method,  Rather  method,  and 
Rather  modified  method,  using  4  grams  ammonium  carbonate 
to  100  cubic  centimeters,  are  submitted  in  the  following  table : 

Comparison  of  Different  amounts  of  ammonium  carbonate 
ttith  modified  elay  filter  method. 

HUMUS. 


Method 


Rather 

Rather  modified.. 


Modified    clay 
filter 


Soil  numbers. 


69.        74.       9' 


Per 

Cent. 

20.75 
19.34 

18.27 


Per 

Cent 

6.49 
4.90 

5.75 


Per 
Cent 


4.32 
2.42 


Per 
Cent 

4.15 

2.41 

2.81 


99.       100.      101.      102.      103..     104.      108 


Per 

Cent. 


5.01 
3.44 


J.84 


Per 
Cent. 

6.03 

.3.16 

3.48 


Per 
Cent. 

5.64 

3.37 

3.61 


Per 

Cent. 

4,38 
3.25 

3.37 


Per 
Cent 


5. 
3.77 


Per 

Cent. 


4.81 
3.20 


Per 

Cent 


8.24 
3.11 


HUMUS  ASH. 


Rather 

Rather  modified.. 

Modified    clay 
filter 


7.71 

2.51 

1194 

11.43 

10.40 

25.69 

17.61 

10.28 

20.49 

12.74 

6.26 

1.84 

.19 

.:18 

2.11 

.13 

.81 

.10 

.24 

.18 

2.14 

2.19 

.54 

.75 

.57 

.64 

.78 

.70 

1.12 

.76 

32.69 
.13 


From  these  data  it  is  evident  that  by  the  use  of  sufficiently 
large  amounts  of  ammonium  carbonate  a  complete  coagulation 
of  clay  was  brought  about  in  most  instances,  but  by  comparing 
the  percentages  of  humus  obtained  with  those  from  the  use  oi 
the  modified  clay  filter  method,  it  appears  that  a  partial  precipi- 
tation of  the  humus  also  took  place,  and  in  all  the  samples 
examined  the  use  of  sufficient  ammonium  carbonate  to  bring 
about  complete  coagulation  of  the  clay,  has  resulted  in  the  par- 
tial precipitation  of  organic  matter  also.  In  some  instances  the 
coagulated  clay,  after  washing  with  a  dilute  solution  of  am- 
monia containing  ammonium  carbonate,  until  no  residue  was 
left  upon  evaporating  a  small  portion  of  the  filtrate  to  dryness, 
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still  contained  organic  liiatter  soluble  in  4  per  cent  ammonia, 
thus  showing  that  some  humus  may  be  precipitated  along  with 
the  clay  by  ammonium  carbonate. 

In  this  connection,  the  question  arises  as  to  why  it  is  that 
ammonium  carbonate  will  completely  coagulate  the  clay  in  some 
soil  solutions,  while  in  others  little  or  no  coagulation  takes  place. 
The  use  of  0.5  gram  of  ammonium  carbonate  per  100  cubic  cen- 
timeters has  been  found  to  completely  coagulate  the  clay  in 
Texas^  soils,  whereas  in  Hawaiian  soils  Httle  or  no  coagulation 
takes  place.  With  the  use  of  considerably  larger  quantities  of 
ammonium  carbonate,  however,  a  complete  coagulation  takes 
place  in  some  soils,  while  in  others  only  partial  coagulation  can 
be  thus  brought  about.  Alkalis,  as  is  well  known,  cause  a  de~ 
flocculation  of  finely  divided  particles  in  solution,  while  acids 
and  certain  salts  bring  about  coagulation.  It  has  been  found 
that  various  calcium  salts  affect  suspension  of  these  soils  in 
water  in  varying  degrees.  In  some  soils  a  complete  coagulation 
can  be  produced  by  a  solution  of  calcium  hydrate,  carbonate,  or 
sulphate,  while  in  others  the  carbonate  and  hydrate  have  little 
effect.  In  solutions  containing  ammonia  such  coagulation  by 
lime  compounds  is  uniformly  slower. 

The  behavior  of  these  solutions  suggests  a  fundamental  dif- 
ference in  the  composition  of  the  clay.  As  mentioned  above,  in 
certain  instances  ammonium  carbonate,  at  the  rate  of  4  grams 
per  100  cubic  centimeters,  brought  about  the  coagulation  of  a 
large  part  of  the  clay,  but  a  turbid  solution  still  remained.  In 
such  instances  the  coagulated  clay  was  filtered  out  and  dried 
and  the  remaining  turbid  solution  then  evaporated  to  dryness. 
The  residues  thus  obtained  were  analyzed  with  the  following 
results : 
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Composition  of  clay  from  humus  solutions, 

COAGULATED  BY  AMMONIUM  CARBONATE. 


Soil  numbers. 

Contituents . 

99. 

101. 

106. 

108. 

Per  Cent. 

Per  Cent, 

Per  Cent. 

Per  Cent. 

Silica    (Si0  2) - 

29.00 

22.24 

25.33 

'23.80 

Ferric  oxid  (Fe2  0  3) 

33.12 

37.33 

30.42 

31.16 

Alumina  (AI2O3) 

37.38 

34.93 

34.91 

37.84 

UNCOAGULATED  BY  AMMONIUM  CARBONATE. 


Silica    (Si0  2) 

Ferric  oxid   (Fe  2  O  3 ) 
Alumina  (AI2O3).. 


1.       All  the  clay  in  sample  108  was  coagulated  by  ammonium  carbonate. 

The  composition  of  the  coagulated  and  the  iincoagulated 
clay  is  thus  shown  to  be  considerably  different.  In  every  in- 
stance the  clay  was  found  to  contain  relatively  high  percentages 
of  iron,  and  that  part  which  was  coagulated  appears  to  be  made 
up  of  a  mixture  of  ferric  hydrate  and  silicate  of  aluminum,  both 
of  which  doubtless  occur  in  the  humus  solution  in  the  hydrated 
state.  The  uncoagulated  suspension  contains  relatively  more 
silica  and  iron,  and  correspondingly  less  aluminum.  The  fact 
that  the  iron  and  alumina  were  found  to  be  present  in  about 
the  proportions  necessary  for  the  formation  of  a  double  silicate, 
together  with  the  behavior  of  this  suspension,  suggests  the  oc- 
currence of  such  a  compound  in  these  solutions.  At  any  rate, 
the  composition  of  the  clay  as  expressed  above  suggests  a  reason 
for  the  failure  of  the  Rather  method  for  the  determination  of 
humus  in  these  soils. 


GENERAL    DISCUSSION. 

The  results  of  this  investigation  show  that  the  percentages 
of  humus  found  in  a  given  soil  may  vary  greatly,"  depending 
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largely  upon  the  methods  used  and  the  type  of  soil  under  in- 
vestigation. The  chief  difficulty  to  be  overcome  is  the  separa- 
tion of  humus  from  clay,  and  with  Hawaiian  soils  the  only 
method  found  by  which  the  separation  could  be  made,  involved 
the  use  of  a  clay  filter.  A  modification  in  the  concentration  of 
the  organic  constituents  will  take  place  upon  passing  the  humus 
solution  through  a  clay  filter,  but  this  can  be  overcome  by  first 
making  the  solution  to  volume  then  drawing  a  definite  aliquot 
through  the  filter,  followed  by  (drawing  through  the  filter)  a 
dilute  solution  of  ammonia  until  the  filtrate  contains  no  organic 
matter.  With  the  use  of  a  clay  filter,  modified  as  previously 
outlined,  concordant  results  can  be  obtained,  and  by  a  little  ex- 
perience, the  details  of  manipulation  can  be  so  perfected  as  to 
require  a  minimum  of  attention.  It  is  believed  that  this  method 
can  be  applied  to  any  soil,  and  being  both  practical  and  accurate, 
and  at  the  same  time  involving  the  use  of  ordinary  laboratory 
equipment,  it  can  be  found  useful  in  any  ordinary  soil 
laboratory. 

The  difficulties  attending  the  use  of  a  number  of  the  older 
methods  are  due  to  the  nature  of  the  clay  itself.  Clay  is  a  very 
general  term,  and  is  usually  separated  from  the  other  particles 
by  methods  which  take  advantage  of  the  fact  that  it  will  re- 
main in  suspension  for  some  time,  but  the  exact  chemical  and 
physical  properties  of  clay  are  very  variable.  The  term  clay, 
a*s  used  in  mechanical  soil  analysis  has  reference  to  the  fineness 
of  division,  and  when  unqualified,  has  reference  to  no  other 
property.  In  Hawaiian  soils  the  clay  is  composed  of  a  mixture 
of  substances  which  mixture  varies  between  wide  extremes.  In 
some  instances  there  is  evidence  of  the  existence  of  a  double 
silicate  of  iron  and  aluminum  which  compound  is  extremely 
finely  divided  and  resists  coagulation  to  a  remarkable  degree. 
The  clay  of  practically  all  Hawaiian  soils  contains  a  large  per- 
centage of  iron,  a  part  of  which  exists  as  ferric  hydrate.  This 
ferruginous  character  makes  the  clay  extremely  difficult  to  re- 
move from  the  solution,  but  enables  the  analyst  to  determine 
whether  all  the  clay  is  separated  from  the  humus  by  means  of 
the  red  color  imparted  to  the  humus  ash.  When  the  separation 
has  been  complete,  the  humus  ash  is  usually  gray.  In  humus 
determinations  it  is  of  great  importance  also  to  know  the  me- 
chanical structure  of  the  soil,  for  the  applicabihty  of  the  various 
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methods  depends  very  largely  on  the  type  of  soil.  Attention  is 
also  called  to  the  necessity  for  reporting  the  humus  ash.  From 
the  recent  investigation  of  Wells  and  others/  the  use  of  a  cen- 
trifuge gives  promise  of  wide  application  in  humus  determina- 
tions, but  unfortunately,  these  authors  did  not  report  either  the 
mechanical  composition  or  the  humus  ash  in  the  soils  examined. 
So  long  as  humus  determinations  are  made  without  showing  the 
percentages  of  humus  ash,  just  so  long  will  uncertainty  be  felt 
regarding  the  accuracy  of  the  results. 

A   BRIEF   STUDY    OF   THE    HUMUS    SOLUTION. 

The  humus  solution  contains  a  complex  mixture  of  sub- 
stances, and  although  the  general  usage  apparently  does  not  al- 
ways take  cognizance  of  this  fact,  it  is  well  known  to  be  true. 
In  connection  with  the  investigation  of  methods  for  the  de- 
termination of  humus,  certain  observations  have  been  made  and 
a  brief  study  of  some  of  the  properties  of  humus  solutions  from 
Hawaiian  soils  has  been  undertaken  and  are  briefly  reported 
here. 

COLOR    OF    HUMUS, 

The  color  of  humus  extract  is  usually  a  shade  of  dark  brown 
or  black  and  frequently  the  color  of  the  humus  solution  is  used 
as  a  qualitative  test  by  which  the  relative  amounts  of  humus 
in  soils  are  estimated.  The  percentages  of  humus  are  generally 
greater  in  the  soil  than  in  the  subsoil.  In  a  set  of  two  samples 
of  soil  and  subsoil  from  the  Haiku  district  of  Maui,  the  soil  was 
of  the  dark  color  and  resembled  what  is  usually  called  clay  loam, 
while  the  subsoil  answers  to  the  description  of  yellowish  clay. 
The  general  appearance  of  these  samples  indicates  far  more 
humus  in  the  soil  than  in  the  subsoil.  Upon  extraction  with  a 
4  per  cent  solution  of  ammonia,  the  resulting  solution  from  the 
soils,  when  freed  from  clay,  were  dark  brown,  while  the  humus 
solutions  from  subsoils  were  of  a  yellowish  straw  color.  The 
amounts  of  humus  would  ordinarily  be  confidently  expected  to 
be  greater  in  the  solution  from  soils,  but  the  actual  determina- 
tions showed  the  reverse  condition.  The  following  table  repre- 
sents the  percentage  of  humus  as  found  in  these  solutions  : 

1.  Rather,  loc.  cit. 
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Humus  in  soils  and  subsoils. 


Serial  Number. 

Humus. 

Humus  Ash. 

Per  Cent. 

Per  Cent. 

105 

Soil 

2.36 

0.44 

loy 

Subsoil 

2.75 

.73 

107 

Soil 

2.50 

.32 

110 

Subsoil 

3.03 

.73 

These  soils  were  taken  from  fields  that  had  been  cultivated 
in  sugar  cane  some  20  years  ago,  but  which  were  afterwards 
used  for  grazing  purposes,  until  about  6  years  ago,  when  the 
land  was  planted  in  pineapples.  Geologically  these  soils  are  of 
recent  formation,  although  the  formation  is  perhaps  as  old  as 
that  of  any  other  part  of  Maui.  The  climate  is  semihumid,  the 
annual  rainfall  being  about  60  inches.  It  has  been  many  years 
since  the  tropical  vegitation  was  displaced  by  the  cultivated 
species.  The  pasture  lands  there  are  now  occupied .  largely  by 
grasses,  principally  Hilo  grass. 

It  was  found  that  the  solutions  from  the  soil,  when  diluted 
three  times,  gave  about  the  same  intensity  of  color  as  those  from 
the  subsoil  without  dilution,  although  the  solution  from  the  sub- 
soil actually  contained  more  organic  matter  than  did  those  from 
the  soil. 


PRECIPITATION    WITH    HYDROCHLORIC    ACID. 

A  method  some  times  used  in  the  determination  of  humus 
consists  in  precipitating  the  solution  with  hydrochloric  acid.  The 
precipitate  thus  obtained  is  often  referred  to  as  "humic  acid," 
and  by  this  method  so-called  pure  humus  is  sometimes  obtained. 
Upon  acidifying  humus  solutions  from  these  soils  with  hydror- 
chloric  acid,  a  precipitate  was  obtained  which  was  separated 
from  the  solution  by  filtration,  then  redissolved  in  ammonia, 
evaporated  to  dryness,  and  incinerated.  The  results  thus  ob- 
tained were  as  follows: 
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Organic  matter  precipitated  by  hydrochloric  acid. 


Solutions. 

Organic 
matter. 

Ash. 

Solution. 

Organic 
matter. 

Ash. 

Soil 

Per  Cent 
0.46 

.21 

.25 

Per  Gent. 
0.08 
.25 
.05 

Subsoil 

Per  cent. 

0.14 

.54 

.17 

Per  Cent 
0  12 

Subsoil 

Soil 

Subsoil 

09 

Soil 

.20 

The  amounts  of  organic  matter  precipitated  from  these  so- 
kitions  is  here  shown  to  be  only  a  small  part  of  the  total  organic 
matter  in  the  same.  An  interesting  point  in  this  connection  is 
the  fact  that  while  the  humus  was  found  to  be  greater  in  the 
subsoil  than  in  the  soil,  the  percentages  of  organic  matter  pre- 
cipitated by  hydrochloric  acid  were  greater  in  the  solutions  from 
the  soils.  In  no  instance  was  there  more  than  25  per  cent  of 
the  total  organic  matter  present  in  these  solutions  precipitated 
by  hydrochloric  acid.  The  fact  that  relatively  more  organic 
matter  was  precipitated  from  the  soil  solution  than  from  the 
subsoil  solution  indicates  a  fundamental  difference  in  the  com- 
position of  the  solutions  themselves. 


OTHER    PROPERTIES    OF    HUMUS    SOLUTIONS. 

It  has  been  observed  in  the  course  of  our  experiments,  that 
not  all  humus  solutions  are  affected  to  an  equal  degree  in  pass- 
ing, through  a  clay  filter.  The  ammonia  solutions  from  some 
soils  have  been  found  to  undergo  little  or  no  change,  in  so  far 
as  the  total  amount  of  organic  matter  which  they  contain  is 
concerned,  while  still  others  become  greatly  modified.  In  some 
instances  a  change  in  concentration,  equal  to  almost  50  per 
cent  of  the  total  organic  matter  present,  takes  place,  and  in 
such  instances  an  increasingly  large  amount  of  ammonia  is  re- 
quired in  the  modified  clay  filter  method,  in  order  to  insure  n 
complete  removal  of  the  organic  matter;  in  other  words,  some 
compounds  occurring  in  humus  solutions  are  absorbed  and  per- 
haps dialyzed  to  a  much  greater  extent  than  are  others.  This 
property  is  in  harmony  with  the  common  knowledge  of  organic 
compounds. 
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In  attempting  to  coagulate  the  clay  by  means  of  large 
amounts  of  ammonium  carbonate,  it  was  further  observed  that 
in  certain  instances  a  flocculant  precipitate,  afterwards  found  to 
be  organic,  was  formed,  while  in  other  solutions,  which  con- 
tained equally  as  much  total  organic  matter,  no  precipitate  was 
formed.  In  this  connection;  it  is  of  interest  to  note  that  the 
precipitates  obtained  by  the  addition  of  certain  salts  to  humus 
solutions  from  different  soils  have  been  found  by  Fraps  and 
Hamner^  not  to  be  proportional  to  the  organic  matter  in  the 
humus  solutions  and  to  vary  in  some  degree  when  salts  of  dif- 
ferent bases  are  used. 

In  the  preliminary  treatment  with  hydrochloric  acid,  the  ex- 
tracts from  several  soils  used  in  these  experiments  appeared  to 
contain  organic  matter,  and  upon  precipitating  these  with  am- 
mania,  by  means  of  which  the  iron  is  removed,  these  solutions 
were  found  to  contain  organic  matter,  in  one  instance,  in  con- 
siderable quantities. 

The  humus  from  various  soils  has  been  found  to  vary  greatly 
in  elementary  composition.  Hilgard^  points  out  that  the  per- 
centages of  nitrogen  in  humus  in  arid  climates  is  considerably 
higher  than  that  from  humid  sections.  The  writers  have  found 
some  variations  in  the  percentages  of  nitrogen  in  humus  from 
Hawaiian  soils  when  taken  from  sections  where  very  simila* 
climates  prevail.  The  carbon  content  is  anything  but  constanr. 
From  the  results  of  a  number  of  investigations,  the  carbon  con- 
tent of  humus  has  been  found  to  vary  from  35  to  65  per  cent 
of  the  humus.  With  such  variation  a  corresponding  variation  is 
found  in  the  hydrogen  and  oxygen.  Similarly,  the  mineral 
matter  chemically  combined  with  humus  also  varies  consider- 
ably. By  reference  to  a  previous  table  (p.  12)  it  will  be  seen 
that  the  mineral  matter  in  soil  No.  74  is  relatively  much  greater 
than  that  of  soil  No.  69,  that  of  the  former  being  found  to  be 
38.5  per  cent  of  humus,  while  the  latter  contained  13  per  cent. 
Soil  No.  74  was  taken  from  the  Parker  ranch  on  the  slopes  of 
Mauna  Kea,  at  an  elevation  of  about  4,000  feet,  and  while  th's 
soil  doubtless  originated  under  a  humid  climate,  the  amounts  of 
rainfall  in  this  section  have  been  very  small  during  historic 
times.     The  soil  has  perhaps  been  in  the  process  of  formation 

1.  Loc.  cit. 

2.  Loc.  cit. 
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for  centuries.  Soil  No.  69,  on  the  contrary,  came  from  the 
Nahiku  district  of  Maui,  from  land  recently  cleared  of  a  dense 
tropical  jungle,  where  the  rainfall  approximates  200  inches  per 
annum.  The  organic  matter  in  this  soil  may  be  looked  upon  as 
being  in  a  much  less  advanced  state  of  decomposition  than  that 
of  soil  No.  74. 

From  the  foregoing  brief  observations,  it  is  apparent  that 
the  fundamental  nature  of  humus  is  extremely  variable.  With- 
out doubt  humus  extracts  from  soil  solution  contain  a  complex 
mixture,  susceptible  of  alteration  in  varying  degrees  by  the  use 
of  simple  means,  but  whose  exact  composition  is  far  from  being 
understood.^  The  studies  reported  have  been  preliminary  to  a 
more  fundamental  investigation  of  the  several  chemical  bodies 
which  comprise  the  humus  solution. 

THE  USAGE  OF  THE  TERM   HUMUS. 

In  agricultural  writings  the  usage  of  the  term  humus  is  far 
from  being  uniform.^  The  term  humus  came  into  use  as  a  re- 
suit  of  the  announcement  of  Berzelius'in  1838,  who  claimed  to 
have  isolated  a  definite  chemical  body  from  soils  called  by  him, 
humin,  which  body  he  claimed  to  have  definite  properties.  As 
has  been  pointed  out  by  Schreiner  and  Shorey/^  this  work  was 
done  before  the  days  of  modern  organic  chemistry,  and  subse- 
quent investigations  have  failed  to  establish  the  presence  of  such 
a  definite  chemical  substance.  The  terms  humic  acid  and  hu- 
mates  have  come  into  use  from  the  fact  that  certain  properties 
of  so-called  humus  were  interpreted  as  indicating  the  existence 
of  definite  derivatives  of  this  hypothetical  substance.  Recent  in- 
vestigations and  the  general  properties  of  so-called  humus,  to- 
gether with  its  extreme  variability,  show  that  there  are,  in  re- 
ality, no  such  substances  in  the  sense  in  which  they  are  used. 

The  definitions  of  the  term  humus,  as  given  by  various  au- 
thorities, are  far  from  being  the  same.     Some  authorities  make 

1.  Soils.  New  York  and  London,  1907,  p.  135. 
m^  u'  ^\^^.  the  exception  of  the  recent  work  of  Jodidi  (Michig-an  Sta. 
Q^fi «  «^  +u  tt"2  ^^^^  ^^^'  Research  Bui.  1)  and  that  of  the  Bureau  of 
bous  of  the  U.  S.  Department  of  Agriculture  (Buls.  47,  53  and  74),  very 
i^IAti^^^^  ?  ^  *  ,  ^^  be  known  concerning  the  chemistry  of  soil  organic 
rtifl,;?^^  i»;J®<^  1  *®^^®t  ^"x.^5^®  connection  that  the  isolation  of  the  first 
wowiifoS  !^  ''^.Ix*^^^^,*?*?,?^^^  *^^™  so^ls  was  made  by  Shorey  from  a 
^tTfa  f«  «f^n  ^K,^wa*A  t}^-  .^P*-  19^^'  PP-  37-59),  which  in  many  re- 
spects is  similar  to  soil  No.  69. 

3.  U.  S.  Dept.  Agr.,  Bur.  Soils  Bui.  53. 
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the  term  synonymous  with  vegetable  mold;  others  refer  to  it  as 
partially  decayed  organic  matter.  Hopkins^  in  a  recent  address 
is  quoted  as  saying  that  humus  is  the  part  of  soil  organic  matter 
that  is  resistant  to  decay  and  that  humus  in  and  of  itself  fur- 
nishes nothing  to  feed  plants.  In  another  publication^  he  states 
that  humus  means  decaying  organic  matter  which  contains  the 
nitrogen  of  importance  in  soils. 

The  definition  frequently  given  of  humus  is  that  it  is  the 
soil  organic  matter  soluble  in  dilute  ammonia  after  removing 
the  calcium  and  magnesium.  The  indiscriminate  use  of  the  term 
humic  acid  and  humates  has  no  foundation  in  scientific  fact,  and 
while  this  fact  is  usually  recognized,  the  usage  is  such  as  to 
imply  the  existence  of  definite  chemical  substances. 

In  reality,  humus  is  a  no  more  definite  expression  than  is 
mineral  matter,  and  the  use  of  the  designations  humic  acid  and 
humates  Has  no  justification.  The  fact  that  mineral  bases,  like 
calcium  and  magnesium,  combine  with  certain  soil  organic  con- 
stituents of  humus  to  form  precipitates,  does  not  imply  that  the 
resulting  substances  thus  formed  have  simple  salt-like  proper- 
ties, nor  that  the  substances  with  which  the  base  is  combined  are 
of  an  acid  nature  in  a  truly  chemical  sense. 

The  chemical  nature  of  soil  organic  matter  has  been  recently 
extensively  studied  by  Schreiner  and  Shorey  and  Jodidi,  and 
sufficient  data  have  already  been  obtained  to  show  the  extreme 
complexity  of  the  mixture.  Until  we  have  more  definite  knowl- 
edge concerning  the  substances  comprising  the  organic  matter 
of  a  soil,  the  specific  effect  produced  by  it  and  the  functions 
performed  in  the  soils  will  necessarily  be  guess-work. 


1.  Breeders'  Gaz.  59   (1911),  p.  55S. 

2.  lUlnois  Sta.  Cir.  116.   p.  5. 
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COTTON  IN  HAWAII. 

BY 

c.  K.  McClelland 

AND  '  :^' 

C.  A.  SAHR. 

The  recent  attempt  at  reviving  the  cotton  industry  of  Hawaii 
has  met  with  only  partial  success.  There  are  many  reasons  why 
this  crop  has  not  been  more  extensively  grown,  some  of  which 
will  be  discussed  in  this  report.  The  profitableness  of  the  sugar 
industry,  the  greater  hardiness  and  wind-resisting  qualities  of 
rice,  sugar  cane  and  pineapples  as  compared  with  cotton,  their 
lesser  susceptibility  to  attacks  from  insects,  and  perhaps  the  tra- 
ditions of  the  Chinese,  which  hold  them  to ''the  production  of 
rice,  are  some  of  the  factors  which  have  retarded  cotton  culture 
m  placed  where  the  above  crops  could  be  grown,  while  in  other 
places  not  suitlible  for  these  crops,  where  water  was  insufficient 
for  rice  or  sugar  cane  or  soil  conditions  were  unsuitable  for 
pineapples,  cotton  has  been  tried  and  in  some  cases  given  up, 
because  the  location  was  unfavorable  or  because  the  crop  was 
so  badly  infested  with  insects  as  to  be  unprofitable,  and  in  some 
instanceis  both  of  these  conditions  caused  the  abandonment  of 
the  atopr^ 

Q^j^te^h^  hand  the  crop  in  some  instances  under  sorhe  con- 
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(litions  has  been  such  as  to  justify  its  continuation.  The  aim 
of  the  present  report  is  to  inquire  into  these  conditions  and  give 
such  information  as  will  help  the  new  grower,  as  well  as  results 
which  will  be  of  interest  to  those  already  engaged  in  growing 
cotton. 

ENVIRONMENT. 

A  favorable   environment   for  cotton   must   be   secured.     The 
most  important  feature  of  a  favorable  environment  is  location. 

LOCATION. 

Cotton  is  a  heat-loving  plant  and  can  be  profitably  grown  only 
in  protected  places,  where  it  is  not  too  cold,  where  there  is  little 
or  no  wind,  or  where  nights  are  not  too  cold.     Some  locations 
that  have  been  tried  preclude  any  possible  chance  of  profit.     Tn 
the  cotton-growing  regions  of  the  South,  it  will  be  recalled  that 
the  average  daily  temperature  in  summer  is  higher  than  in  Ha- 
waii  and   in   Hawaii   cotton   culture    should   be   attempted   only 
where  temperature  conditions  approach  those  found  in  the  South. 
High  elevations  are  likely  to  have  wrong  conditions.     However, 
at  2,000  feet  elevation  in  Kona,  Hawaii,  where  there  is  virtually 
no  wind,  we  have  received  as  good  staple  as  we  have  grown  on 
Oahu  under  300  feet,  yet  there  can  be  no  doubt  in  our  minds 
that,  with  other  conditions  equal,  cotton  will  be  more  'productive 
at  the  lower  elevations.     Tn  fact  the  highest  yields  reported  havr 
always  been  from  near  sea  level.     The  station  has  made  some 
experiments  at  Waipahu,  700  feet  elevation,  and  at  Kunia :  and 
other  trials  have  been  made  in  Waipio,   about  650   feet   eleva- 
tion, near  Wahiawa,  and  these  trials  prove  without  doubt  that 
in  such  exposed  locations  cotton  will  not  produce  nearly  as  well 
as   in   more   protected  places.     Upon    windward   Oahu   at   sea- 
level,  the  wind  there  being  warm  and  steady,  better  results  were 
obtained  than  at  the  above  mentioned  places,  where  the  wiml 
was  colder  and  broken  up  into  gusts  by  uneven  mountain  peaks 
and   gulches.      Upon   the   Experiment    Station    grounds    during 
windy  times  it  has  often  been  noticed  that  cotton  bolls  would 
be  produceed  only  upon  the  leeward  side  of  the  plants,  on  plants 
that  were  particularly  exposed.     With   Sea   Island  cotton  in  a 
protected  place  in  1910  individual  plants  yielded  about  one  pound 
of  seed  cotton.     Seed  was  taken  from  selected  plants  of  this  plat 
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and  planted  upon  slightly  higher  and  more  exposed  land,  and 
in  1911  this  planting  yielded  less  than  two~thirds  of  a  pound  of 
seed  cotton  to  the  plant,  which  affords  evidence  of  the  lessened 
yield  under  more  exposed  conditions. 

MOISTURE. 

Under  Hawaiian  conditions  all  cottons  are,  or  tend  to  become, 
perennial,  and  as  perennials  they  have  a  tendency  towards  con- 
tinual growth,  accompanied  by  a  continual  production  of  flowers 
and  bolls  where  the  supply  of  moisture  is  optimum  at  all  times. 
In  sections  where  rainy  seasons  and  dry  seasons  alternate,  the 
usual  habit  is  to  make  a  heavy  vegetative  growth  during  the 
rainy  season  and  produce  the  crop  in  the  dry  season  when  the 
vegetative  growth  is  checked.  The  continued  moderate  supply 
of  moisture  by  rainfall  or  irrigation,  with  its  consequent  con- 
tinual fruiting  of  the  plant,  work  against  economical  production 
of  the  cotton,  in  that  repeated  pickings,*  which  are  costly,  are 
required,  yet  the  total  annual  production  might  be  greater  where 
such  conditions  exist. 

Where  the  rainfall  is  excessive  and  continuous  the  cotton  plant 
will  produce  but  little  and  will  make  an  excessive  vegetative 
growth.  The  Caravonica  variety  in  particular  under  such  con- 
ditions has  a  tree-forming  tendency. 

Another  apparent  influence  of  moisture  was  noticed  upon  our 
Sea  Island  cotton.  During  the  dry  weather  in  1911  the  soil  be- 
came checked  with  deep,  wide  cracks.  When  the  first  picking 
was  made  in  the  last  of  August,  and  to  some  extent  also  in  the 
second  picking  in  September,  the  individual  locks  were  not  open 
or  flushed  and  the  lint  was  a  trifle  shorter  than  it  should  have 
been.  After  a  few  good  rains  the  third  picking  was  taken  off 
in  October  and  was  greatly  improved  in  these  particulars.  Fur- 
ther observation  will  be  necessary  to  confirm  these  conclusions, 
since  the  better  state  of  the  cotton  may  have  been  due  to  other 
causes. 

*Under  conditions  at  Makaweli,  Kauai,  a  crop  was  pi9ked  and  the  plants 
dormant  by  the  first  week  of  August,  while  at  the  Experiment  Station 
where  occasionally  rains  were  had,  the  pickings  were  continued  into 
October  while  the  largest  pickings  of  the  year,  as  will  be  seen  from 
table  I,  were  obtained  on  September  8th  and  September  16th.  The 
variety  in   both   cases  was  Caravonica. 


SOILS. 

The  character  of  the  soil  upon  which  to  grow  cotton  seems 
to  be  of  much  less  importance  than  the  other  factors  already 
mentioned.  Cotton  is  now  being  successfully  grown  upon  all 
types  of  soil,  from  the  heaviest  clay  to  the  lightest  sands  along 
the  coast.  Provided  that  the  soil  has  moisture  and  a  fair  degree 
of  fertility  cotton  can  be  grown.  Even  where  the  soil  moisture 
is  too  brackish  for  other  crops  up  to  a  certain  limit,  cotton  will 
thrive. 

VARIETIES. 

Of  the  different  varieties  of  cotton  which  have  been  tried  at 
the  Experiment  Station,  only  the  Caravonica  and  Sea  Island 
varieties  have  been  tested  sufficiently  to  justify  the  publication 
of  any  results. 

CARAVONICA. 

This  variety  was  originated  in  Australia,  but  seems  to  be  one 
of  the  better  varieties  under  Hawaiian  conditions.  It  is  of  hybrid 
origin  and  the  variety  is  open  to  criticism  in  many  particulars, 
but  the  greatest  objection  to  it  is  its  variability.  The  majority 
of  the  plants  are  upright  in  their  habit  of  growth,  but  many 
prostrate  forms  may  be  found.  Some  plants  are  very  prolific, 
producing  500  to  1,000  bolls,  while  adjoining  plants  with  equal 
chance  may  produce  less  than  50.  Some  seeds  are  tufted,  some 
smooth,  some  more  or  less  fuzzy  and  some  are  held  together  as 
in  "kidney"  cotton.  The  fiber  varies  from  one  to  one  and  five- 
eighths  inches  in  length.  It  may  be  very  rough  or  it  may  be 
equally  smooth,  and  the  percentage  of  lint  may  vary  from  28 
to  44  per  cent. 

The  soil  should  be  well  prepared  for  Caravonica  and  there 
should  be  a  reasonable  amount  of  moisture  in  the  soil  before 
planting.  Usually  early  spring  is  the  better  time  at  which  to 
plant,  but  the  ocurrence  of  rains  (or  supply  of  water  where 
the  moisture  is  under  control)  may  better  determine  the  plant- 
ing season.  Under  dry  conditions  a  good  irrigation  before  plant- 
ing would  be  advisable,  in  order  to  hasten  germination  and  get 
the  plants  well  started.  This  variety  has  been  thought  to  be  shy 
in  bearing  in  its  first  year  and  it  usually  is,  but  when  it  has  a  proper 
degree  of  heat  and  plenty  of  moisture  while  young  it  will  pro- 
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duce  well  for  the  first  season,  although  the  plants  will  not  uni- 
formly do  this.  One  plant  at  our  rice  trial  grounds,  King  street 
and  Kalakaua  avenue,  from  seed  planted  in  March,  1911,  yielded 
four  pounds  of  seed  cotton  within  nine  months.  This,  of  course, 
is  exceptional  and  shows  the  possibilities  of  the  first  year,  from 
seed  of  good  stock,  and  under  best  conditions  of  heat  and 
moisture. 

The  distances  at  which  to  plant  this  variety  will  vary  with 
the  conditions  under  which  it  is  to  be  grown  and  which  deter- 
mine the  size  of  the  plant.  Eight  by  seven,  eight  by  eight,  and 
nine  by  seven  are  the  usual  distances,  but  in  some  locations  as 
much  as  ten  feet  between  rows  may  be  advisable.  To  secure  a 
stand,  plant  several  seeds  in  a  hill,  and  where  cutworms  are 
found,  encircle  tlie  hills  with  a  sprinkling  of  poisoned  bran. 
Later  on  the  hills  should  be  thinned  to  a  single  plant.  Cultiva- 
tion should  be  given  at  such  times  as  will  keep  the  ground  free 
from  all  weeds  and  conserve  the  moisture.  Early  cultivation 
will  induce  a  deep  rooting  of  the  plant,  and  irrigation  at  this 
stage  is  inadvisable.  The  cost  of  cultivation  will  in  the  end 
largely  determine  whether  or  not  the  crop  will  be  a  success, 
and  it  is  hardly  to  be  expected  that  rough  and  rocky  places, 
where  handwork  alone  is  possible,  will  yield  any  profit  in  pro- 
ducing cotton. 

During  the  first  year  it  is  possible  to  grow  some  other  crop 
between  the  rows.  Cow  peas,  peanuts,  garden  peas,  soy  beans, 
watermelons,  potatoes  and  other  crops  have  been  grown,  but 
it  is  advisable  to  grow  only  short-season  crops,  so  that  the  ground 
will  not  be  occupied  for  any  length  of  time. 

PICKING. 

When  the  bolls  commence  to  .open  frequent  pickings  are  nec- 
essary. The  bolls  open  wide  and  the  locks  flush  out,  and  there 
is  no  cotton  exhibiting  a  more  beautiful  appearance  than  Cara- 
vonica  when  showing  a  considerable  number  of  open  bolls.  How- 
ever, if  the  bolls  are  allowed  to  remain  too  long  after  opening, 
rain,  winds,  birds  and  gravity  get  in  their  work  and  the  cotton 
will  soon  be  upon  the  ground.  In  regions  of  no  wind  br  storms 
of  any  kind  it  may  be  possible  to  have  three  or  four  weeks  be- 
tween pickings,  but  ordinarily  eight  to  fourteen  days  between 


IS  all  that  should  be  allowed.  Where  clean  culture  for  the  con- 
trol of  boll  worm  is  practiced,  better  results  will  no  doubt  be 
obtained  by  the  more  frequent  pickings.  In  1911,  under  our 
conditions,  the  average  interval  between  pickings  was  about  eight 
days.  The  amount  which  can  be  picked  in  a  day  depends  upon 
the  amount  of  cotton  open,  which  in  turn  depends  upon  the  sea- 
son of  the  year,  the  length  of  time  elapsed  since  last  picking  and 
the  prolificacy  of  the  plants.  In  other  words,  the  amount  picked 
depends  upon  the  amount  of  surface,  both  of  ground  and  plant, 
which  the  picker  must  cover  in  a  given  time.  A  willing,  experi- 
enced and  active  picker  of  course  has  an  advantage  over  those 
less  willing  and  the  slow  and  awkward.  Another  feature  that 
must  not  be  overlooked  is  the  amount  of  moisture  at  picking 
time.  Pickers  often  insist  on  picking  when  the  cotton  is  damp 
so  as  to  increase  their  weijhts,  but  only  dry  seed  cotton  should 
be  paid  for.  The  largest  amount  reported  for  one  picking  was 
125  pounds,  but  in  this  case  there  was  admitted  to  be  50  per  cent 
moisture  present.  Seventy-five  pounds  of  dry  seed  cotton  will 
be  found  to  be  a  high  average  daily  picking  for  labor  here  ob- 
tainable. With  more  experienced  help  and  more  energetic  help 
this  figure  should  be  exceeded.  One  dollar  per  hundred  pounds 
is  the  minimum  wage  paid,  but  the  average  price  for  dry  seed 
cotton  has  averaged  above  $1.50.  Unless  perfectly  dry  when 
picked,  the  cotton  should  be  well  dried  before  storing  in  bulk ; 
otherwise  it  may  be  injured. 

Caravonica  cotton  is  used  largely  in  mixed  woolen  goods, 
where  long,  rough,  strong  fiber  is  required.  The  length,  as 
given  above,  varies  from  1  to  1%  inches.  The  average  break- 
ing strength  as  given  by  the  Department  at  Washington  is  nearly 
9  grams,  while  that  of  short  staple  Upland  cotton  is  about  7 
grams  and  of  long  staple  Upland  cotton  between  4  and  5  grams. 
Because  of  this  greater  strength  many  think  the  Caravonica  could 
be  ginned  without  injury  upon  the  saw  gin.  We  have  submitted 
sample  bales  of  both  roller  and  saw  ginned  cotton  to  an  Eastern 
firm  for  examination  and  report.  With  a  two  horsepower  gaso- 
line engine,  a  small  14-inch  roller  gin,  at  120  revolutions  per 
minute,  had  a  capacity  of  about  14  pounds  of  lint  per  hour. 
With  hand  power,  at  45  revolutions  per  minute,  the  gin  has  a 
capacity  of  only  about  7  or  8  pounds  per  hour.  With  same  en- 
gine a  saw  gin  with  ten  12-inch  saws,  at  250  revolutions  per 
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minute,  ginned  40  to  50  pounds  of  lint  per  hour.  This  shows 
the  relative  capacity  of  these  two  gins.  However,  the  percentage 
of  lint  obtained  from  the  roller  gin  varied  from  1  to  2  per  cent 
higher  than  cotton  from  the  same  lot  when  ginned  upon  the  saw 
gin.  Thus,  while  the  saw  gin  has  a  much  larger  capacity,  there 
results  a  loss  (in  a  40%  cotton)  of  2^0  to  5  per  cent  of  the  fiber 
when  ginned  upon  a  saw  gin.  It  should  be  kept  in  mind  that 
for  long  stable  cottons  saw  gins  should  be  run  slower  than  for 
short  staple  cottons,  or  at  a  less  speed  than  usually  recommended 
in  gin  catalogues.  The  gasoline  to  run  this  engine  cost  about 
4  cents  per  hour.  When  the  cost  of  operation  by  gas  power  is 
compared  with  the  cost  of  hand  labor,  and  when  it  is  known  that 
even  two  men  cannot  keep  the  gin  running  steadily,  it  will  be 
seen  that  power  ginning  is  much  cheaper  than  hand  ginning,  and 
it  will  probably  pay  the  small  grower  to  hire  ginning  done  rather 
than  to  use  hand  power  machines. 

BALING. 

There  is  no  uniform  size  or  shape  to  be  found  among  the  bales 
in  Hawaii.  Round  bales  and  rectangular  bales,  both  from  manu- 
factured and  home-made  presses  are  to  be  found.  For  round 
bales,  sacks  made  of  wool  pack,  3^/2  feet  in  diameter  and  7  or 
more  feet  long,  are  used.  For  square  or  rectangular  bales,  a 
poorer  quality  of  bagging  can  be  used,  with  ropes  or  wire  ties. 
From  300  to  500  pounds  should  be  put  in  a  bale,  and  the  bale 
should  be  protected  from  the  weather. 


TABLE  No.  I 
.72  Acres 


1911  Record  of  306  Caravonica  Plants 

Early  Pruned. 
Out  Back  December  5 

1910 

No  of 
Picking 

Date  of 
Picking 

o  7^ 

t2  ^ 

Cl3 

Lint 
Lbs. 

Seed 
Lbs. 

Per 
Cent 
Lint 

P 

Prelimi- 
nary 

May  24 
"      31 

45 

-45 

.16 

.29 

37.5 

99 

1 

318 

132 

1.:^ 

.51 

.87 

37.5 

94 

70.6 

o 

June    9 

409 

418 

5.47 

2.08 

3.39 

38 

75 

49.5 

'6 

"      17 

378 

1075 

13.5 

5.01 

8.49 

37.1 

78 

26 

4 

-      24 

652 

973 

14.45 

5.74 

8.71 

39.7 

67 

39.9 

5 

July    5 

665 

3788 

39.35 

15.71 

23.64 

39.9 

96 

14.9 

6 

"      12 

590 

5382 

r,o.4 

23.8 

36.6 

39.6 

89 

9.8 

7 

"      20 

727 

5790 

65.55 

24.79 

40.76 

37.8 

88 

11.1 

8 

'•      26 

534 

6767 

75.61 

28.60 

47.01 

37.8 

89 

7.;> 

9 

Aug.     2 

616 

5856 

r>8.88 

22.76 

36.12 

38.6 

99 

9.5 

10 

"      U 

121 

3707 

41.2 

16.48 

24.72 

89 

3,1 

11 

'•      17 

178 

4041 

44.53 

17.43 

27.10 

39.1 

91 

4.2 

12 

•      26 

686 

6712 

73.22 

29.08 

44.14 

39.7 

91 

9.2 

18 

•        31 

399 

7469 

78.64 

31.71 

46.93 

40.3 

94 

5 

14 

Sept.  8-9 

594 

9158 

94.86 

39.25 

55.61 

41.3 

96 

6 

15 

"      16 

322 

10813 

112.37 

45.87 

66.5 

40.8 

96 

2.9 

16 

'•      22 

140 

4991 

53.62 

22.81 

30,81 

42.5 

92 

2 

17 

••      29 

302 

5588 

50.25 

20.50 

29.75 

40.7 

111 

5.1 

18 

Oct.  10 

119 

2627 

27.43 

11.62 

15.81 

42.3 

95 

4.3 

19 

'•      20 

.67 

1260 

10.48 

4.33 

6.15 

41.3 

120 

5 

Final 

Nov.  10 

283 

2228 

17.25 

6.5 

10.75 

37.6 

112 
Av.  95 

2.7 

Tot 

AL 

From 

8100 

88823 

938.89 

374.74 
8  06 

564.15 

Av39.9 

AV  8.3 

unnuml 

)ered  pi 
T 

ants 

OTAL 

acre. 

382.8 

or  531 

lbs.  per 

Caravonica  fiber  sells  upon  the  market  at  prices  varying  from 
15  to  25  cents  per  pound,  depending  upon  the  year,  the  demand 
and  supply,  and  the  length,  quality  and  cleanliness  of  the  cotton. 
The  yields  per  acre  upon  the  Station  grounds  from  one-year-old 
trees  which  had  been  pruned  in  December,  1910,  was  at  a  rate 
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of  531  pounds  of  lint  per  acre.  Upon  similar  trees  pruned  in 
March,  1911,  the  yield  was  only  at  the  rate  of  363  pounds  per 
acre,  the  average  yield  upon  the  field  being  448  pounds  per  acre, 
which  is  approximately  four  times  the  yield  that  was  obtained 
from  the  same  field  in  1910.  The  Kaneohe  Cotton  Company  re- 
ported an  average  of  less  than  400  pounds  lint  per  acre  from 
plants  in  their  second  year  from  an  area  of  13  acres,  but  a  large 
percentage  of  their  crop  was  lost  through  bollworm  and  also  by 
a  fungous  disease  of  some  kind.  Under  better  conditions  near 
Pearl  City,  much  heavier  yields  have  been  secured,  and  a  report 
of  this  planting  will  be  given  in  another  place.  Tables  I  and  II 
give  yields  by  pickings,  with  the  percentages  of  'lint  and  of  worm 
infestation,  and  showing  the  number  of  bolls  per  pound  at  dif- 
ferent pickings. 

TABLE  No.  II 

.70  Acres 
Late  Pruned  March  1-4,  1911. 

Spring  Crop 


nj^ 

:?o 

op 

^'^ 

?r 

t^CD 

5'a 

»  O 

CD 

ore;  i-h 

Jan.  & 

1-4 

Feb. 

2307 


WO 
o  o 

w  pi 


13241 


MO  CD 


52  • 


Lint 
Lbs. 


Lbs. 


39 


69 


A  V  36.1 


cut 


Av  122 


"2 

CD  2 

p,3 


o 


Avl9.5 


Fall  Crop 

1 

Aug.  11 

52 

1420 

16.96 

8.51 

10.45 

38.3 

83 

3.5 

2 

-     17 

43 

1181 

13.78 

5.31 

8.47 

38.5 

84 

3.5 

20 

3 

"    26 

84 

2128 

25.06 

9.T5 

15.31 

38.9 

84 

3.7 

4 

Sept.   1 

174 

4320 

43.52 

17.08 

26.44 

39.2 

100 

3.8 

21 

5 

u       9 

257 

9778 

100.50 

40.75 

59.75 

40.5 

97 

2.6 

6 

"     17 

243 

10946 

114.75 

45.85 

69 

39.8 

95 

2.1 

22 

7 

"     23 

215 

4181 

39.75 

15.25 

24.50 

38.8 

104 

4.9 

8 

•*     30 

295 

10316 

92 

36 

56 

39.1 

112 

2.7 

22 

9 

Oct.  10 

82 

4637 

40.62 

15.12 

25.50 

37.4 

113 

L7 

10 

"     20 

160 

2270 

20.28 

8.44 

11.84 

41.5 

110 

6.5 

21 

Final 

Nov.  10 

234 

2143 

20 

7.25 

12.75 

36.2 

107 

9.8 

23 

Total  Fall  crop 
Total  Spring 
and  Fall  crop 

1839 
5046 

63320 
66561 

527.22 
635,22 

207.21 
246.21 

320.01 
389  01 

AV39.3 
"  38.7 

AvlOl 
'«    104 

3.3 

7 

FroD 

a  unnui 

nbered 

plants 
Total 

8.06 

or  86, 

)  lbs.  pc 

>r  acre 

254.27 
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PRUNING. 


When  pruniiii^  back  tlie  plants,  clean  cuts  should  be  made  with 
saw  or  shears.  Pruning  is  practised  to  aid  in  worm  control,  as 
previously  stated  in  Press  Bulletin  No.  32,  but  even  without  worm 
conditions  it  would  be  necessary  in  order  to  control  the  size  and 
shape  of  the  plant ;  otherw^ise  the  expense  of  picking  would  in  time 
be  prohibitive.  It  is  necessary,  also,  to  maintain  the  quality  of  the 
fiber,  since  this  usually  deteriorates  in  neglected  plants.  For 
how  many  years  it  will  be  possible  to  renew  the  plants  has  not 
yet  beeen  determined.  Whether  to  prune  high  or  low,  or  when 
to  do  one  in  preference  to  the  other  is  also  yet  unknown,  other 
than  the  general  rule  that  the  shorter  the  time  that  is  to  elapse 
before  a  good  fruiting  season,  the  higher  the  pruning  should  be 
made.  Table  HI  gives  resuHs  from  two  plats  pruned  at  2  and  4 
feet,  respectively.  This  pruning  was  done  in  December  in  the 
rainy  season,  and  one  method  was  practically  as  efficient  as  the 
other.  The  figures  have  been  given  showing  the  comparative 
yields  from  the  early  and  late  prunings  made  here.  An  experi- 
ment in  light  pruning  or  pinching  back  the  new  branches  at  dif- 
ferent times  during  the  growing  season  was  tried,  but  the  great- 
est benefit  came  from  restricting  the  height  of  the  plant.  It  was 
thought  that  pinching  back  would  induce  the  growth  of  fruiting 
branches  and  increase  yield  while  at  the  same  time  restricting 
vegetative  growth,  but  Table  III  shows  that  no  great  difference 
in  the  yield  resulted. 
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TABLE  No.  Ill 
Results  of  Pruning  Experiments.  Caravonica  ''Wool.' 


Pruned  high 
and  pinched 
back  at  time  of 

a 

Good 
Bolls 

oil 

P-2 

Lint 
Lbs. 

Seed 
Lbs. 

■p. 

3 

Bolls 
per  lb. 

Per  cent 
Infested 

No.  of 
PlantH 

Squaring 

Flowering 

Check 

1769 
1282 
1731 

14597 
14469 
14513 

159.4 
151.73 
160.09 

64.08 
60.23 
63.85 

95.32 

91.5 

96.24 

40.3 
39.6 
39.8 

01 
94 
89 

10.8 
8.1 
10.6 

52 
51 
48 

Total 

4782 

43569 

471.22 

188.16 

283.06 

39.9 

91 

9.6 

Low  pruned 
and  pinched 
back  at  time  of 


Squaring 

Flowering 

Check 


Total 


920 


1117 


13898 
13354 
15004 


42256 


150.24 
141.66 
156.16 


448.05 


60.19 
56.58 
62.17 


90.05 
85.07 
92.99 


17«.01  i   269.11 


40. 

39.9 

39.8 


39.9 


6.2 

6.9 
6.9 


6.4 


51 
51 
53 


306 


The  cost  of  pruning,  as  reported  from  different  growers,  has 
varied  from  $2.50  to  $5.00  per  acre,  while  upon  our  own  plant- 
ing it  amounted  to  about  $5.70  per  acre.  The  cost  will  depend 
largely  upon  the  rankness  of  growth  of  plants  and  somewhat 
upon  the  height  of  pruning,  since  when  pruning  high  more  cuts 
per  tree  will  be  required.  To  remove  pruned  branches  from  the 
field  one  man  has  devised  a  sled  with  a  rack,  which  is  drawn  be- 
tweeen  the  rows  by  a  mule,  and  the  pruned  branches  are  placed 
thereon  at  the  time  of  pruning  and  hauled  at  once  to  the  sides 
of  the  field  where  they  can  be  burned. 


sb:mi-annual  pruning — two  crop.s  per  annum. 

This  is  a  practice  that  is  possible  only  where  the  very  best  en 
vironment  is  present  and  where  some  conditions  are  under  con- 
trol. Mr.  E.  C.  Smith,  a  pioneer  cotton  experimenter  of  Pearl 
City,  Oahu,  has  succeeded  in  producing  two  crops  per  year  for 
the  past  two  seasons.  (Mr.  Smith  was  also  the  first  to  practice 
and  advise  budding  of  Caravonica  so  as  to  secure  better  uni- 
formity.) His  method  is  to  pick  off  a  crop  in  June  and  July 
and  immediately  prune  back  the  plants  and  give  enough  irriga- 
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tion  to  start  a  new  growth.  This  new  growth  under  his  condi- 
tions makes  a  crop  in  December  and  January,  when  another 
pruning  is  made,  resulting  in  another  crop  in  June  and  July.  To 
secure  this  result  he  has  conditions  as  follows : 

(a)  Elevation  not  over  ten  feet. 

(b)  Perfect  protection  from  wind,  secured  by  surrounding 
fringe  of  algeroba  trees. 

(c)  Few  cloudy  days,  so  that  full  benefit  of  sun's  rays  i> 

received. 

(d)  Possibly  some  slight  benefit  of  deep  sub-irrigation,  but 

surface  soil  is  generally  excessively  dry. 

(e)  A  small  area. 

(f)  Water  to  start  new  growth  in  July   or  August  or  in 

February  if  rains  fail  to  come. 

Upon  three-year-old  plants  pruned  in  July  of  1910  a  winter 
crop  of  2.5  pounds  per  tree  was  obtained,  while  in  the  following 
July  4.7  pounds  were  picked,  making  a  total  of  over  7  pounds 
seed  cotton  per  tree  for  the  year.  All  cotton  opening  upon 
pruned  branches  within  two  weeks  after  pruning  is  included.* 
This  plat  consisted  of  forty  trees,  planted  8x7  feet;  or  at  a  rate 
of  778  plants  per  acre,  and  the  yield  was  at  an  annual  rate  of 
more  than  2,000  pounds  lint  per  acre.  No  doubt  these  plants  can 
exceed  this  record,  since  their  productiveness  to  date  has  in- 
creased  with  their  age. 

However,  because  of  worm  infestation — largely  from  neigh- 
boring neglected  fields — the  winter  crop  for  1911-1912,  although 
promising  good  returns,  was  practically  a  failure,  and  the  plants 
were  pruned  back  in  December  in  order  to  destroy  the  worm 
and  no  winter  record  is  obtainable. 

This  two-crop  method  is  certainly  worthy  of  more  complete 
trial  aud  should  be  tested  by  growers  who  have  similar  condi- 
tions. One  thing  is  certain:  that  where  anyone  can  follow  |his 
practice,  and  provided  his  neighbors  do  likewise,  the  worm  can 
be  controlled  at  nominal  expense  and  the  crop  assured. 


♦Cotton  opening  on  branches  after  pruning  shows  deterioration.  The 
longer  the  time  elapsing  before  the  opening  of  the  bolls,  the  greater  the 
aeterloration.  Only  that  which  is  fully  open  within  about  ten  days  is 
Worth  saving'^at  least  for  spinning  purp6ses. 
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SEA    ISLAND    COTTON. 

What  has  been  said  about  environment  for  Caravonica  cotton 
is  also  in  the  main  true  for  Sea  Island.  This  variety  probably 
will  not  do  as  well  upon  the  heavier  soils  as  does  Caravonica  or 
as  it  will  upon  soils  of  medium  character. 

Good  location  in  hot,  protected  places  is  important,  but  the 
general  opinion  has  been  that  Sea  Island  will  thrive  at  higher 
elevations  than  will  Caravonica.  The  Station  ginned  a  small 
shipment  that  was  grown  at  Honaunau,  Hawaii,  and  found  it 
to  be  of  excellent  quality.  However,  the  higher  yields  with  Sea 
Island  are  likely  to  be  from  places  near  sea  level,  wdiere  the  maxi- 
mum temperature  aids  in  the  full  development  of  the  crop.  The 
director  of  this  Station  has  said  that  he  never  saw  such  productive 
Sea  Island  plants  even  in  the  Sea  Island  belt  as  he  has  seen  at 
Waianae,  Oahu. 

Sea  Island  is  not  so  likely  to  prove  as  drouth  resistant  as  the 
Caravonica  cotton,  a  medium  supply  of  moisture  during  its  entire 
growing  period  being  more  necessary.  However,  under  dry  con- 
ditions where  moisture  has  been  conserved  by  timely  and  frequent 
cultivation  a  fair  crop  is  obtainable.  The  plants  must  be  planted 
at  least  five  feet  by  four,  and  under  best  conditions  five  by  five, 
six  by  four  or  six  by  five  may  be  preferable. 

PICKINGS. 

Sea  Island  cotton  does  not  require  as  frequent  picking  as  does 
Caravonica,  since  the  bolls  open  but  partly  and  the  cotton  does 
not  flush  out  as  in  Caravonica  or  in  Upland  cotton.  While  this 
•is  true  in  regard  to  number  of  pickings,  yet  the  expense  of  pick- 
ing is  likely  to  be  about  the  same,  because,  with  the  partly  open 
bolls,  the  cotton  is  harder  to  pick  and  less  can  be  picked  in  a 
day  (25-50  lbs.).  The  seed  cotton  should  be  well  dried  before 
storing.  Sea  Island  cotton  must  be  ginned  upon  roller  gins. 
It  can  be  ginned  slightly  faster  than  Caravonica.  By  increasing 
the  number  of  revolutions  to  130  per  minute,  our  small  gin 
showed  capacity  of  22  pounds  per  hour.  Using  hand  power, 
with  two  men  turning,  45-50  revolutions  only  are  possible,  which 
gives  a  capacity  of  about  8  pounds  per  hour.  The  increased  cost 
of  ginning  is  self-evident. 

It  is  hardly  to  be  hoped  that  Hawaii  will  compete  with  the 
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Sea  Island  belt  in  producing  the  quality  of  cotton  known  as  Fine 
or  Extra  Fine  Islands,  which  grades  bring  the  highest  prices  of 
any  cottons  (30-60^  per  pound).  We  may  not  be  able  to  produce 
the  required  length  of  staple,  our  growers  cannot  within  a  score 
of  years  acquire  the  knowledge  and  experience  necessary  for  the 
proper  handling  of  the  cotton,  and  furthermore  the  demand  for 
these  grades  is  now  fairly  well  supplied.  However,  we  can  com- 
pete for  the  classes  known  as  'Tloridas"  and  ''Georgias,"  which 
command  prices  ranging  from  20^  to  35^  per  pound. 

PRUNING. 

In  pruning  Sea  Island  cotton  only  low  pruning  should  be  prac- 
ticed, since  the  new  growth  comes  from  buds  developed  upon  the 
lower  trunk  or  near  the  base  of  the  vegetative  branches.  Under 
wind-free  conditions  usually  no  vegetative  branches  are  produced. 

Whether  Sea  Island  can  be  grown  profitably  as  a  perennial  has 
yet  to  be  demonstrated.  It  was  originally  a  perennial  plant,  but 
grew  larger  than  the  present  improved  type,  while  producing 
less  and  greatly  inferior  staple.  It  would  seem  from  the  trials 
at  this  Station  that  the  first  crop  has  always  been  the  best.  This 
fact  might  be  due  to  some  factor  within  the  plant  itself,  but  we 
have  observed  that  in  the  second  year  the  plants  are  so  badly  at 
tacked  by  insects  that  their  vitality  is  injured,  the  bolls  become 
smaller,  and  many  may  not  mature  properly,  while  in  such  bolls 
of  course  the  lint  would  be  greatly  reduced  in  value ;  and  the 
bollworm  particularly  has  been  the  cause  of  the  loss  of  the  sec- 
ond crop. 

The  annual  report  of  this  Station  for  1910  assigns  the  failure 
of  the  second  crop  entirely  to  bollworm.  Upon  another  small 
plat  of  Sea  Island  in  1910  the  plants  yielded  more  than  one 
pound  of  seed  cotton  each  for  a  first  crop;  but  in  1911  the  cot- 
ton was  so  badly  attacked  by  mealy  bug  that  the  plants  were 
weakened,  and,  the  bollworm  aiding  in  the  destruction,  no  records 
were  taken.  Similarly  another  new  planting,  an  acre  in  extent, 
in  1911  produced  a  fair  crop  of  293  pounds  of  lint;  but  at  this 
date,  March,  1912,  the  mealy  bug  and  bollworm  are  both  in  evi- 
dence again.*     If  now^  the  same  result  is  obtained  in  1912  as  in 

•since  the  above  was  written  the  infestation  in  our  Sea  Island  cotton 
became  so  great  that  it  was  deemed  advisable  to  pull  up  the  plants  and 
plant  a  new  crop.  By  so  doing  we  hope  to  extend  the  time  of  "no  food" 
for  the  worm  and  thus  hold  them  in  check  until  much  later  in  the  year. 
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1910  and  1911,  we  shall  conclude  that  this  variety  had  best  be 
grown  as  an  annual.  This  may  be  also  the  solution  of  the  boll- 
worm  problem,  as  has  been  mentioned  elsewhere. 

YIELDS. 

At  different  times  and  from  various  places,  but  upon  small 
areas  only,  good  yields  of  this  variety  have  been  reported.  Even 
as  high  as  700  pounds  of  lint  per  acre  are  recorded,  but  such 
yields  cannot  be  expected  upon  a  field  scale.  Upon  Maui,  at  700 
feet  elevation,  in  1911  a  yield  of  160  pounds  of  Hnt  per  acre  was 
reported  upon  a  four-acre  field.  It  is  doubtful  if  such  a  low 
yield  will  be  profitable. 

TABLE  No.  IV 
Sea  Island  Cotton.    1  Acre. 
1911. 


Section 

No.  of 
Pickings 

No.  of 
Bolls 

31482 

Pounds 

Seed 
Cotton 

Average 

Per  Cent 

Lint 

Pounds 
Lint 

Pounds 
Seed 

Average 
number 
bolls  per 
pound 
seed  cotton 

Average 
per  cent 
Infested 

1 

19.3.68 

28.6 

55.43 

137.25 

162 

6.1 

2 

27510 

183.86 

28. 

51.58 

132.28 

140 

15.8 

3 

33993 

195. 

28.8 

56.28 

138.72 

174 

15.9 

4 

i         1 

45566 

283.62 

29.7 

84.34 

199.25 

160 

22.8 

5     . 

\         '^ 

27005 

159.5 

28. 

44.75 

114,75 

169 

♦      25.4 

Total 

292.38 

*    At  the  beginning  of  each  picking  the  percentage  of  infestation  was  low ;  i.  e. 
in  Section  1. 

With  plenty  of  boll  worm  present,  as  shown  in  Table  IV,  and 
at  250  feet  elevation,  an  acre  upon  the  Station  grounds  produced 
293  pounds  of  lint,  as  given  above.  These  are  the  only  figures 
available  from  fields  of  an  acre  or  more  in  extent.  However,  as 
there  are  many  locations  more  suited  to  the  crop  than  those  herein 
given,  such  as  Waianae.  Oahu,  or  Kona,  Hawaii,  better  yields 
surely  are  obtainable. 


COTTON    AS    AN    ANNUAL    OR    AS    A    PERENNIAL. 

Whether  to  grow  cotton  as  an  annual  or  a  perennial  is  a  ques- 
tion to  be  answered  only  with  knowledge  of  the  conditions  of  the 
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locality  under  consideration.  Caravonica  cotton,  all  experiments 
demonstrate,  increases  its  productiveness  in  later  years  over  that 
of  the  first,  so  that  in  locations  best  adapted  to  Caravonica  one 
should  grow  it  as  a  perennial. 

The  difficulties  in  producing  annual  cotton  are  mostly  included 
In  the  statement  "hard  to  secure  a  stand,"  Lack  of  moisture  for 
germination  and  attacks  of  cutworms  are  the  principal  causes  for 
lack  of  stand,  but  later  in  the  season  the  lack  of  moisture  might 
result  in  diminution  of  yield.  Annual  plants,  not  being  so  deeply 
rooted  as  older  plants,  would  suffer  more  from  extreme  drouth 
than  would  perennials.  So  that  where  extremely  dry  conditions 
prevail  and  water  cannot  be  had,  difficulty  in  securing  a  stand 
and  reduced  yield  in  first  year  would  indicate  that  cotton  as  a 
perennial  is  preferable. 

On  the  other  hand,  where  there  is  a  pronounced  rainy  season 
annually  and  a  stand  is  easily  secured,  an  annual  cotton  may  be 
better.  Under  these  conditions  it  may  be  possible,  by  deep,  thor- 
ough preparation  of  soil  and  thorough  surface  cultivation,  to 
retain  in  the  soil  sufficient  moisture  for  the  maturing  of  the  crop. 

Furthermore,  as  a  means  of  controlling  the  bollworm  the 
growing  of  annual  cotton  has  decided  advantages  over  the  other 
practice.  Under  this  plan  and  under  our  conditions,  where  cot- 
ton is  best  planted  in  February  or  March  and  where  it  is  all  har- 
vested by  November  1st  or  earlier  (depending  upon  variety),  by 
completely  destroying  all  plants  in  November  the  bollworm  is 
absolutely  without  squares,  blooms  or  bolls  for  food  until  in  May 
following  when  the  new  crop  begins  to  bloom.  Under  the  dry 
conditions  of  the  winter  of  1911-12,  upon  plants  cut  back  De 
cember  1,  1911,  blooms  appeared  February  10th  and  plenty  of 
worms  were  found  by  February  19th,  so  that,  although  this  may 
be  an  extreme  case,  an  interval  of  absence  of  worm  of  only  ten 
weeks  was  secured.  An  interval  of  sixteen  to  twenty  weeks  be- 
fore new  blooms  appear  would  be  much  better,  although  at  that, 
infestation  from  ornamental  plants  in  Honolulu  would  be  pos- 
sible here. 

As  noted  in  another  place.  Sea  Island  cotton  seems  to  thrive 
better  as  an  annual.  Upland  and  Egyptian  varieties  have  usually 
been  grown  as  annuals,  and  further  experiments  are  necessary 
to  determine  whether  or  hot  they  would  be  more  satisfactory  as 
perennials.    Prunings  from  perennial  plants  should  be  destroyed. 
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Annual  plants  should  be  burned  or  turned  under  deeply  at  the 
dose  of  bearing  season. 

HANDLING     THE     CROP. 

To  secure  the  highest  market  price  for  cotton  considerable 
care  is  necessary  in  handling  the  crop.  In  the  first  place,  pick 
only  from  full}-  opened  bolls,  as  the  cotton  in  partly  opened  bolls 
is  still  immature,  and  cotton  that  is  immature  shows  a  large  per- 
centage of  waste  when  worked  up  in  the  mills.  Pick  at  such 
intervals  as  will  allow  little  or  none  of  the  cotton  to  fall  to  the 
ground,  as  such  cotton  will  be  more  or  less  discolored  and  will 
pick  up  a  quantity  of  dirt  with  it.  Stained  cotton,  leaves,  dirt 
or  foreign  matter  of  any  kind  lower  the  grade  of  the  cotton. 
Keep  out  the  leaves  and  dirt  and  put  stained  and  worm-eaten 
cotton  in  separate  bags.  Stained  cotton  can  be  sold  readily  at 
the  mattress  factories  in  Honolulu,  and  it  will  profit  the  grower 
to  accept  a  medium  j)rice  for  such  cotton  here,  rather  than  to 
include  it  in  his  bale  and  lose  possibly  a  cent  per  pound  upon 
the  bale  because  of  it.  Dry  seed  cotton  before  storing;  other- 
wise it  might  heat  and  damage  the  staple.  Also  see  that  it  has 
not  reabsorbed  too  much  moisture  again  at  ginning  time.  This 
would  happen  only  during  a  wet  spell  of  weather  or  in  regions 
continually  damp. 

When  these  precaution's  have  been  well  observed  and  the  cot- 
ton well  packed  in  bales  of  300  to  500  pounds,  the  grower  has 
a  right  to  expect  a  good  price  for  his  cotton. 

The  cotton  that  is  sent  out  from  Hawaii  will  have  to  be  gotten 
down  to  a  better  degree  of  uniformity  and  guaranteed  if  the 
best  prices  are  to  be  realized  and  a  demand  created  for  the  Ha- 
waiian product.  In  the  Sea  Island  belt,  for  instance,  many  of 
the  growers  put  out  such  a  uniform  staple,  clean  and  correct  in 
every  particular,  that  their  name  upon  the  bale  is  a  sufficient 
guarantee  as  to  its  contents.  Furthermore,  they  usually  put  their 
early  and  later  pickings  in  separate  bales ;  they  sort  the  seed  cot- 
ton before  ginning,  and  pick  out  the  "nep"  or  knots  and  any 
yellow  cotton  that  may  have  passed  through  the  gin.  For  this 
trouble  they  are  paid  several  cents  a  pound  above  usual  market 
price.  Similarly,  many  mills  prefer  Egyptian  to  home-grown 
long  staple,  since  the  former  has  been  hand  sorted  and  the  waste 
is  usually  several  per  cent  less.  In  order  to  make  a  name  for 
Hawaiian  cotton  most  of  these  precautions  should  be  rigidly 
observed. 
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IMPROVING     THE     CROP. 

The  preliminary  step  in  improvement  is  to  prevent  deteriora- 
tion. Grow  but  one  variety  in  the  same  field.  Cotton  is  easily 
cross-pollinated,  and  insects,  especially  bees,  carry  pollen  from 
one  variety  to  another,  even  when  these  are  separated  by  consid- 
erable distance.  Upon  the  Station  grounds  it  has  been  almost 
impossible  to  maintain  a  pure  variety,  because  it  has  been  neces- 
sary to  try  so  many  kinds,  but  where  cotton  is  to  be  improved 
every  effort  should  be  made  to  prevent  accidental  crossing.  With 
annual  cottons  especially,  deterioration  from  this  source  might 
be  very  rapid.  Upon  the  other  liand,  where  cross-pollination  does 
not  occur,  the  annual  cottons  are  subject  to  more  rapid  improve- 
ment by  judicious  seed  selection.  Another  important  thing  to  do 
is  to  pull  up  all  inferior  plants,  and  especially  those  producing 
short,  uneven  lint  or  naked  seeds.  Also  destroy  any  plants  which 
show  themselves  to  be  of  a  different  variety  from  that  supposed 
to  have  been  planted.  Many  hybrids  may  be  recognized  early 
by  their  different  habit  of  growth  or  by  leaves ;  others  by  charac- 
ter of  flowers. 

SEED. 

Seed  should  always  be  selected,  since  there  is  always  such  a 
great  variation  in  plants,  and  only  by  seed  selection  can  the  seed 
be  obtained  from  those  varying  for  the  better.  Select  from  plants 
having  a  long,  uniform  staple ;  high  per  cent  in  lint ;  and  prolific 
habit.  These  should  be  the  prime  requisites,  although  shape  and 
size  of  plant  or  leaf,  character  of  seed,  earliness  and  other  quali- 
fications might  be  considered.  If  it  is  impossible  to  select 
enough  seed  for  immediate  needs  simply  plant  the  selected  seed 
in  the  field  in  a  given  place  each  time  and  from  this  place  make 
further  selections:  but  use  the  balance  of  seed  in  planting  the 
main  field  and  within  a  few  years  a  great  improvement  will  be 
noted. 

Although  good  cultivation  and  proper  conditions  of  plant  food 
and  moisture  do  much  to  maintain  quality  and  yield,  a  real  im- 
provement in  a  variety  must  be  made  through  the  seed,  either 
by  selection  alone  or  by  crossing,  with  selection. 

With  perennial  cotton,  results  can  not  be  obtained  so  quickly 
for  apparent  reasons,  and  yet  for  ultimate  improvement  the  same 
method  must  be  followed  and  the  same  precautions  observed. 
With  Caravonica  cotton  which  has  been  much  decried  because 
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of  its  lack  of  uniforniity,  a  more  uniform  product  may  be  ob- 
tained by  vegetative  production ;  i.  e.,  by  buds  or  cuttings. 

CUTTINGS. 

Cuttings  may  be  made  from  the  branches  of  the  cotton  plants, 
rooted  in  the  sand  bed,  and  the  young  plants  transplanted  to 
the  field.  If  cuttings  are  made  from  only  those  plants  that  are 
uniform  in  the  essential  requirements,  then  the  crop  which  is 
picked  from  such  plants  will  be  greatly  improved  in  uniformity 
over  the  crop  from  plants  grown  from  seed.  Practical  uni- 
formity would  be  secured  by  taking  cuttings  at  the  start  from 
only  one  plant,  but  a  longer  period  would  be  necessary  in  which 
to  secure  plants  for  a  given  area.  Theoretically  this  is  the  plan 
to  follow.  Practically,  however,  there  are  objections  to  it.  From 
experience  here  it  seems  to  be  very  difficult  to  root  the  cuttings 
and  a  large  per  cent  perish  before  rooting  and  secondly,  such 
plants  seem  to  be  less  vigorous  and  productive  than  plants  grown 
from  seed,  although,  being  a  perennial,  this  efifect  would  be  less 
noticeable  probably  in  later  years.  To  properly  root  cuttings, 
bottom  heat  which  can  be  secured  only  in  hot  beds  or  green 
houses,  is  necessary,  and  possibly  where  such  conditions  are 
obtainable  better  rooted  and  more  vigorous  plants  could  be 
secured. 

BUDS. 

Mr.  E.  C.  Smith  was  the  first  to  attempt  budding  Caravonica 
and  is  authority  for  the  statement  that  were  he  to  plant  100 
acres  he  would  bud  every  plant.  By  taking  buds  only  from 
plants  uniform  in  every  way,  or  as  stated  for  cuttings,  taking 
them  from  only  one  plant,  good  results  will  be  quickly  secured. 

Budding  should  be  done  when  the  plant  is  young,  when  the 
bark  slips  easily  and  with  dormant  buds  if  possible.  Under  the 
best  of  conditions  a  large  number  of  failures  are  to  be  expected. 

(See  Annual  Report,  1909.  Also  Bulletin  No.  20  for  method 
of  budding.) 

IRRIGATION. 

Where  rainfall  is  very  light  and  likely  to  be  uncertain  at 
critical  times,  a  moderate  supply  of  water  for  irrigating  pur- 
poses will  be  found  very  beneficial.  Although  cotton  requires 
less  water  than  our  other  crops  here  except  pineapples  a  certain 
amount  is  necessary  to  germinate  the  seed,  to  produce  a  plant 
of  proper  size  and  to  insure  the  proper  development  of  the  bolls. 


Egyptian  cotton  has  been  grown  inider  irrigation  more  than 
the  other  varieties  and  it  is  the  one  upon  which  the  U.  S.  De- 
partment of  Agriculture  is  now^  conducting  experiments  under 
irrigation  in  Yuma,  Arizona,  and  in  CaHfornia.  It  is  claimed 
to  be  less  drouth  resistant  than  upland  cotton  and  necessarily 
then,  less  so  than  Caravonica. 

While  we  are  conducting  no  experiments  with  cotton  under 
irrigation  yet  from  a  study  of  practices  elsewhere  a  few  sug- 
gestions may  be  taken.  Irrigations  should  be  thorough  and 
should  be  followed  by  most  thorough  cultivation.  Do  not  re- 
place cultivation  with  irrigation.  The  first  application  should  be 
before  ])lanting  unless  the  soil  is  suflficiently  moist.  This  hastens 
germination  and  aids  in  securing  the  proper  stand.  Then  with- 
hold water  and  cultivate  for  several  weeks — a  month  at  least— 
and  allow  plants  to  root  well  and  deeply.  The  number  of  irriga- 
tions will  depend  upon  variety,  nature  of  soil,  amount  and  dis- 
tribution of  rainfall  and  these  conditions  vary  so  within  short 
distances  that  no  exact  number  can  be  given.  In  general  it  can 
])e  said  that  unless  rains  occur  within  six  or  eight  weeks  after 
])lanting,  another  irrigation  should  be  given  and  after  that  only 
a  small  amount  of  moisture  will  be  needed  if  proper  cultivation 
is  kept  up. 

A  good  growth  of  plant  should  l)e  secured  before  any  squares 
are  formed  and  when  fruiting  begins  a  slower,  steady  growtli  is 
desirable. 

As  mentioned  in  another  paragraph  Caravonica  will  not  prove 
as  shy  in  bearing  in  first  year  if  sufficient  water  is  supplied  and 
also,  as  stated,  the  fruiting  will  be  continuous  until  fall  if  moder- 
ate supply  of  moisture  is  obtainable  during  summer  months. 
Water  should  be  withheld  to  check  vegetative  growth  and  give 
opportunity  for  fruiting  and  also  to  allow  the  plant  to  become 
dormant  before  pruning. 

If  growing  Caravonica  for  two  crops  annually  one  watering 
is  necessary  before  seeding  or  after  pruning  and  according  to 
conditions  another  may  or  may  not  be  necessary  during  the  fruit- 
ing season,  but  if  necessary  the  application  should  not  be  ex- 
cessive. 

When  an  annual  ])runing  only  is  given,  this  should  be  doiK 
before  the  rainy  season.  When  rains  are  not  sufficient  to  make 
a  good  growth  of  the  plant,  irrigation  should  be  resorted  to  an<i 
as  in  the  former  case,  repeat  if  necessary. 
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DISEASES  AxND  INSECTS. 

A  fungous  disease  of  some  kind  has  been  noticed  upon  cotton 
at  Kaneohe  and  at  1  Htpukea,  Oahu.  It  attacks  the  bolls,  pre- 
venting proper  maturing  and  opening.  As  high  as  ten  per  cent 
of  the  bolls  at  some  pickings  were  found  to  be  worthless,  t|he 
percentage  being  larger  during  wet  spells.  The  disease  is  prol)- 
abl  antracnose  although  the  discolored  spots  characteristic  (^f 
this  fungus  were  not  always  present. 

The  insects  attacking  cotton  in  Hawaii  have  been  described  in 
Bulletin  No.  18  of  this  Station.  Press  Bulletin  No.  32  gives  the 
results  in  1911  of  cultural  methods  of  controlling  the  l)oll  worm, 
fables  I,  II  and  IV  give  in  one  column  the  percentages  of  in- 
festation in  our  fields  upon  different  dates.  It  should  be  added 
here,  however,  that  only  where  frequent  pickings  are  made  will 
such  good  results  as  show^n  in  these  tables,  be  obtained. 

FERTILIZERS  AND  ROTATION. 

Cotton  has  been  found  to  respond  readily  to  a  judicious  use 
of  fertilizers.  Where  it  is  grown  continuously  upon  the  same 
land  and  given  the  clean  cultivation  which  it  demands,  there  will 
result  a  gradual  diminution  of  the  humus  in  the  soil  and  also  a 
reduction  of  the  supply  of  available  plant  food.  Rotation  of 
crops  and  the  plowing  under  of  organic  manures  in  some  form 
will  be  found  necessary  in  order  to  keep  up  the  soil  fertility.  A 
further  addition  of  commercial  fertilizers  will  materially  increase 
the  yield.  Nitrogenous  manures  should  be  used  sparingly  since 
they  tend  to  increase  the  formation  of  wood  and  delay  maturing, 
and  cotton  plants  here  seem  to  acquire  sufficient  size.  Larger 
amounts  of  potash  or  of  acid  phosphate  may  be  used  especially 
of  the  latter  since  it  increases  fruitfulness  and  hastens  maturity. 
I'^ertilizers  analyzing  9  per  cent  of  available  phosphoric  acid,  2 
per  cent  of  potash,  and  2  per  cent  of  nitrogen,  in.  amounts  vary-" 
ing  from  two  hundred  to  six  hundred  pounds  an  acre,  are  used 
largely  in  the  South.  The  proper  proportions  and  amounts  have 
not  been  deternJned  for  cotton  in  Hawaii. 

The  fertilizer  should  be  applied  before  planting  and  with 
perennial  cotton  any  later  application  can  be  placed  in  fuirrdws, 
made  close  to  the  plants  upon  each  side  of  the  rows  and  then 
covered  with  cultivators  or  hoes.  Fertilizer  distributors  are  used 
^or  such  work  in  the  South  and  are  very  economical  implements 
^ince  they  cost  only  about  $5  each. 
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For  rotation  crops,  Jack  beans,  soy  beans,  cowpeas,  or  other 
legumes  are  preferable  although  grain  or  other  crops  may  be 
grown. 

CONCLUSION     AND     SUMMARY. 

Cotton  culture  in  some  parts  of  Hawaii  has  been  abandoned. 
In  some  locations  this  result  was  brought  about  because  of  the 
damage  done  by  the  bollworm;  in  other  regions,  because  they 
had  conditions  ill  suited  to  the  best  growth  of  the  crop. 

A  good  quality  of  cotton  in  paying  quantities  can  be  produced 
under  certain  conditions. 

On  the  lower  elevations ;  with  a  moderate  supply  of  moisture , 
with  absence  of,  or  protection  from,  wind;  with  a  good  supply 
of  heat ;  and  in  fields  that  can  be  given  horse  cultivation — a  good 
profit  can  be  made  in  growing  cotton  even  under  bollworm  condi- 
tions. 

Because  of  the  bollworm,  Sea  Island  cotton  should  be  grown 
as  an  annual,  and  also  only  where  there  is  no  difficulty  in  secur- 
ing a  stand. 

In  drier  locations,  Caravonica  will  likely  be  the  better  variety 
and  should  be  grown  only  as  a  perennial.  Good  yields  will  be 
obtained  from  this  variety  in  the  first  year  only  where  the  very 
best  conditions  of  heat  and  moisture  exist.  It  requires  an  occa- 
sional pruning,  which  should  be  given  usually  prior  to  the  rainy 
season.  Under  certain  conditions,  two  prunings  can  be  given 
and  two  crops  obtained,  and  where  this  is  possible  greater  im- 
munity from  the  bollworm  will  result. 

Careful  handling  of  the  staple  is  necessary  at  all  times. 
A  more  uniform  product  can  be  secured  by  propagating  with 
buds  or  cuttings,  but  only  through  the  seeds  is  any  improvement 
possible.  To  secure  this,  hybridization  must  be  prevented  or 
controlled;  all  inferior  plants  or  those  having  undesirable  quali- 
ties must  be  destroyed ;  and  seed  must  be  selected  only  from  those 
which  have  desirable  characters. 

In  determining  what  is  suitable  environment  for  cotton  in  the 
Islands  we  find  that  location  evidently  has  far  more  influence 
than  the  character  of  the  soil.  Any  soil  will  grow  cotton  (some. 
however,  require  fertilization,  and  in  some  perhaps  the  water 
might  be  too  brackish),  but  some  locations  preclude  any  possible 
chance  of  pro£t. 
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Sisal  and  the  Utilization  of  Sisal  Waste. 

By  E.  V.  Wilcox 

AND 

Wm.  McGeorge 


CULTIVATION     AND     ECONOMIC     RELATIONS     OF 

SISAL. 

By   E.    V.   Wilcox. 

Bulletin  No.  4,  published  by  this  station  in  1903,  covered 
rather  completely  the  botanical  aspects  of  sisal,  the  various  proc- 
esses connected  with  planting,  cultivation,  harvesting,  milling 
and  baling,  together  with  notes  on  insects  and  diseases  of  this 
crop.  The  supply  of  the  bulletin  has  long  been  exhausted  and 
frequent  requc'^Jts  have  been  received  for  further  literature  -"^n 
sisal  in  Hawaii.  The  particular  occasion  for  the  chemical  in- 
vestigations reported  in  the  present  bulletin  arose  from  the  de- 
sirability of  learning  what  economic  use  could  be  made  of  the 
large  quantity  of  pulp  which  accumulates  about  the  mill  from 
decortication  of  the  sisal  leaves.  In  connection  with  this  chem- 
ical work  a  fresh  review  was  made  of  the  conditions  of  the  sisal 
industry  in  Hawaii  at  the  present  time. 


Sisal  was  first  brought  to  Hawaii  from  Florida  in  1893.  After 
a  preliminary  test  at  Ewa,  Oahu,  the  plant  was  thought  worthy 
of  trying  out  on  a  large  scale.  The  Hawaiian  Fiber  Company 
was  organized  for  this  purpose  and  has  continued  the  production 
of  sisal  since  that  time.  The  plant  was  found  also  to  thrive  well 
on  the  other  islands.  Plantings  of  considerable  size  were  made 
on  Kauai,  Hawaii  and  Maui.  On  account  of  the  pressure  of 
other  industries,  however,  it  was  not  found  desirable  to  continue 
sisal  production  on  the  other  islands,  particularly  since  it  was 
impossible  to  secure  sufficiently  large  areas  which  were  not 
adapted  to  other  crops  promising  a  rather  larger  profit.  At 
present  the  Hawaiian  Fiber  Company  is  practically  the  only  com- 
mercial organization  engaged  in  the  production  of  sisal  in  Ha- 
waii. As  just  stated,  local  economic  reasons  weigh  against  the 
great  extension  of  the  industry  on  other  islands. 

The  area  at  present  under  cultivation  on  Oahu  is  about  2,000 
acres,  located  partly  at  Sisal  and  partly  at  Robinson.  There  is 
little  possibility  of  further  extension  at  Sisal,  while  at  Robinson 
the  opportunity  for  enlarging  the  area  of  sisal  is  fairly  good. 
The  profit  per  acre  derived  from  the  cultivation  of  sisal  is  rather 
small  as  compared  with  many  other  tropical  crops,  and  for  this 
reason  there  is  greater  need  for  the  cultivation  of  the  crop  in 
large  and  continuous  areas  in  order  to  secure  reasonable  profits. 
It  is  generally  considered  that  areas  of  less  than  1,000  acres  are 
not  likely  to  yield  profitable  remuneration  when  planted  to  sisal. 
Much  larger  areas,  up  to  10,000  acres  or  more,  give  better 
promise. 

The  present  output  of  fiber  from  the  mill  located  at  Sisal  is 
from  one-half  to  one  ton  per  day,  depending  on  whether  one 
or  two  machines  are  running.  Recently  a  third  machine  has 
been  started  in  operation  in  the  Robinson  section  of  the  planta- 
tion and  the  total  output  will  thus  be  increased  accordingly.  The 
baled  fiber  is  an  unusually  beautiful  product,  being  well  cleaned 
and  laid  straight  and  at  full  length  in  the  bale,  so  that  no  kinks 
are  produced  in  the  fiber.  The  quality  of  Hawaiian  sisal  is  equal 
to  the  very  best.  In  fact,  the  only  sisal  which  brings  an  equal 
price  is  that  which  is  produced  in  German  East  Africa.  Re- 
cently, for  reasons  not  perfectly  understood,  the  price  of  sisal 
fiber  was  driven  down  to  4  cents  per  pound,  but  it  has  again 
recovered  to  the  extent  of  1  cent. 


MICHIGAN  STAT":  QM^XJULyt^^ 


The  annual  yield,  as  judged  by  the  results  thus  far  obtained 
by  the  Hawaiian  Fiber  Company,  is  about  500  pounds  of  fiber 
per  acre.  The  sisal  plant  matures  under  Hawaiian  conditions 
in  from  three  to  four  years,  and  sends  up  poles  at  the  age  of 
six  to  nine  years.  The  true  sisal  seems  on  the  whole  to  possess 
qualities  making  it  superior  to  henequen  for  Hawaiian  condi- 
tions. The  life  of  the  sisal  plant  is  not  so  long  as  that  of  the 
henequen,  but  the  quality  of  the  fiber  is  better  and  the  ease  of 
handling  is  greater  on  account  of  the  absence  of  spines  along 
the  edges  of  the  leaves. 

Among  the  more  striking  results  obtained  from  the  practical 
experience  in  the  growth  of  sisal  on  Oahu  is  the  facto  of  the 
great  advantage  of  cultivation.  If  the  sisal  sucker  at  proper 
age  and  size  for  planting  is  merely  placed  in  holes  dug  in  the 
ground  at  the  usual  spacing  distance,  eight  or  nine  feet,  with- 
out previous  plowing  of  the  soil,  the  growth  is  slow  as  compared 
with  that  after  plowing  the  soil.  It  seems  not  to  be  necessary 
to  cultivate  the  soil  after  planting,  if  thorough  plowing  has  been 
done  before  planting.  At  any  rate,  by  merely  plowing  without 
subsequent  cultivation  one  full  year  is  cut  off  from  the  time  re- 
quired to  reach  maturity.  This  is  plainly  an  important  matter 
in  the  economy  of  sisal  production.  In  addition  to  the  saving 
of  one  year's  time,  a  further  advantage  is  obtained  from  plowing 
in  that  the  plants  make  a  more  vigorous  growth  and  produce 
leaves  of  greater  size  and  length,  thus  increasing  the  total  amount 
of  fiber  per  acre.  Mr.  Wm.  Weinrich,  Jr.,  manager  of  the  Ha- 
waiian Fiber  Company,  has  made  a  careful  study  of  the  economy 
of  plowing  versus  not  plowing,  and  the  results  indicate  clearly 
the  advantage  of  plowing.  There  is  a  still  further  advantage 
from  plowing,  in  that  corn  and  other  crops  may  be  cultivated 
between  the  rows  of  sisal  for  the  first  two  years  after  planting 
sisal  suckers. 

Sisal  is  perhaps  the  best  crop  to  be  recommended  for  the  large 
area  of  dry,  highly  manganiferous  soil  on  the  Wahiawa  Plains. 
As  has  been  clearly  demonstrated,  pineapples  do  not  thrive  on 
soil  containing  more  than  2  per  cent  of  manganese;  in  fact,  even 
a  lower  percentage  may  cause  a  very  unsatisfactory  growth  of 
pineapples.  On  some  of  this  soil  corn  and  other  crops  make  a 
fairly  good  yield  so  long  as  the  normal  rainfall  occurs  and  cut- 
worm and  leaf  hoppers  are  not  too  abundant.     Many  almost 


complete  failures  have  occurred,  however,  in  trying  to  raise  inter- 
crops in  the  sisal  fields  on  account  of  the  prevalence  of  insect 
pests  or  the  lack  of  sufficient  rain.  There  is  no  difficulty  con- 
nected v^ith  the  grovi^th  of  sisal  on  this  dry,  highly  manganifer- 
ous  soiL  Sisal  in  its  behavior  to  manganese  presents  a  striking 
contrast  to  pineapples.  Apparently  the  reason  for  the  injurious 
effect  of  manganese  on  pineapples  is  to  be  found  in  the  fact 
that  the  manganese  causes  an  undue  absorption  of  lime  and  a 
reduction  in  the  amount  of  magnesium  and  phosphoric  acid.  All 
pineapples  have  been  shov^n  to  be  very  susceptible  to  an  excess 
of  lime.  Manganese  exercises  the  same  effect  upon  sisal  as  upon 
pineapples,  but  the  sisal  is  a  lime-loving  plant  and  is  not  dis- 
turbed by  the  presence  of  unlimited  amounts  of  lime ;  in  fact, 
at  Sisal  the  plants  are  grov^ing  in  coral  limestone  w^ith  only  a 
mere  trace  of  soil  which  has  been  washed  down  from  higher 
levels. 

One  of  the  unexpected  results  obtained  through  the  chemical 
examination  of  sisal  is  the  fact  that  the  normal  acid  of  sisal  is 
lactic.  It  was  at  first  suspected  that  perhaps  the  presence  uf 
lactic  acid  might  be  a  part  of  the  basis  of  its  reacting  toward 
manganese  so  differently  from  pineapples.  This  supposition, 
however,  was  not  borne  out  by  further  investigation,  since  man- 
ganese was  found  to  be  fully  as  soluble  in  the  lactic  acid  of  sisal 
as  in  the  citric  acid  of  pineapples.  While  lactic  acid  has  been 
occasionally  found  in  the  seeds  of  certain  plants,  sisal  is  ap- 
parently the  first  plant  to  be  shown  to  develop  this  acid  as  its 
normal  vegetable  acid. 

'f he  chemical  investigations  reported  in  this  bulletin  will  in- 
dicate pretty  clearly  the  prospects  for  the  economic  utilization  of 
sisal  pulp  or  waste.  About  2,000  tons  of  this  pulp  has  accumu- 
lated in  the  dum^  heap  behind  the  mill  at  Sisal,  and  about  25  tons 
of  pulp  are  being  added  per  day.  In  estimating  the  moisture  con- 
tent of  the  pulp  after  standing,  it  appears  safe  to  reckon  it  at 
about  50  per  cent.  In  milling  at  Sisal  it  has  been  found  neces- 
sary to  use  water  in  order  to  prevent  a  stickiness  and  improper 
cleaning  of  the  fiber.  At  Robinson  the  water  content  of  the 
leaves  is  somewhat  higher  and  no  water  is  required  in  milling. 
Even  wherie  water  is  used  in  milling,  however,  it  rapidly  runs 
out  of  the  pulp  in  milling  and  does  not  add  appreciably  to  the 
moisture  content  of  the  pulp  on  the  dump  heap.    Assuming  the 


moisture  content  of  the  pulp  on  the  dump  to  be  50  per  cent,  the 
actual  fertilizer  value  of  this  pulp  is  about  $6.00  per  ton.  As 
the  chemical  investigations  indicate,  the  amount  of  mineral  plant 
food  in  the  sisal  waste  is  rather  high.  In  addition  to  its  being 
a  mineral  fertilizer,  there  are  the  nitrogen  and  humus  values  to  be 
considered.  The  feeding  experiments  that  have  thus  far  been  made 
give  only  slight  encouragement  to  the  idea  of  using  the  pulp  as 
a  cattle  feed.  Cattle  do  not  apparently  take  kindly  to  it,  although 
its  aroma  and  flavor,  especially  when  dried  are  rather  agreeable. 
It  is  evident  from  the  chemical  investigation  of  sisal  that  the 
value  of  the  plant  food  in  the  pulp  for  fertililzer  purposes  is 
greater  than  the  value  for  alcohol  production  of  the  fermentible 
substances. 

The  prospects  for  sisal  production  on  the  island  of  Oahu  are 
at  present  very  satisfactory.  Practically  all  of  the  milling  dif- 
ficulties have  been  overcome.  The  known  corrosive  effect  of 
lactic  acid  upon  metals  gave  considerable  difficulty  at  first,  but 
the  sprocket  chains  and  other  exposed  parts  of  the  machine  if 
made  out  of  gunmetal  resist  the  action  of  the  acid  ift  a  satisfac- 
tory way.  There  are  at  present  no  serious  diseases  or  insect 
pests  to  contend  with  in  growing  sisal,  at  least  on  the  island  of 
Oahu.  A  peculiar  disease  of  unknown  nature,  causing  a  dis- 
coloration of  the  fiber,  was  observed  on  Hawaii,  but  has  not  oc- 
curred on  the  plantations  of  Oahu. 

CHEMISTRY  OF  SISAL. 
By  Wm.  McGeorge. 
In  the  process  of  decortication  of  the  sisal  leaf,  since  the  leaves 
contain  only  4-5  per  cent  of  fiber,  there  necessarily  accrues  a 
large  amount  of  waste.  For  several  years  the  planters  of  Yuca- 
tan, German  East  Africa,  Java,  Hawaii  and  other  countries 
where  sisal  is  grown  commercially,  have  been  searching  for  some 
possible  means  of  an  industrial  utilization  of  this  enormous  waste. 
At  the  solicitation  of  the  Hawaiian  Fiber  Company,  this  station 
undertook  a  study  of  the  chemical  nature  of  the  sisal  plant,  to 
ascertain,  if  possible,  some  commercial  use  for  their  waste.  So 
far  as  the  author  has  been  able  to  ascertain  from  the  literature 
at  hand,  there  has  been  published  little  thorough  chemical  work 
on  the  sisal  plant.    F.  H.  D'Herelle^  carried  on  thorough  investi- 
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gations  in  Yucatan  at  the  solicitation  of  the  Mexican  Govern- 
ment. Others  have  pubHshed  analyses  of  the  waste  to  determine 
its  fertilizing  constituents,  and  the  Experiment  Station  at  Mauri- 
tius has  made  several  unsuccessful  attempts  to  ferment  the  waste 
for  the  production  of  alcohol. 

The  economic  uses  of  the  various  species  of  Agave  date  back 
many  years  and  the  methods  of  utilisation  vary  between  wide 
limits.  The  inhabitants  of  the  Central  American  countries  and 
Mexico  took  advantage  of  its  saponin  content  by  using  it  for 
washing  purposes,  the  fiber  for  making  ropes  and  stringed  mu- 
sical instruments,  the  juice  as  an  insecticide  and  the  leaves  as 
fodder  for  cattle.  Agave  americana,  as  well  as  several  other 
species,  at  the  time  it  is  ready  to  send  up  its  flowering  stalk 
experiences  a  remarkable  upward  flow  of  sap.  This  is  some- 
times collected  by  cutting  out  the  central  bud  and  leaves  and 
inserting  a  receiving  vessel.  By  fermentation  of  this  juice  the 
natives  prepared  an  alcoholic  drink  called  pulque. 

The  two  varieties  cultivated  in  Hawaii  and  the  ones  to  which 
our  studies  were  mostly  confined  are  sisal  and  henequen.  Our 
laboratory  investigation  was  confined  to  the  possible  use  of  the 
residue  as  fertilizer,  as  stock  food  or  for  the  manufacture  of 
industrial  alcohol.  A  short  study  was  also  made  on  the  general 
chemical  composition  of  the  plant,  and  how  this  composition  may 
vary  when  affected  by  different  weather  and  soil  conditions; 
also  to  determine  the  nature  of  the  organic  acid  which  causes 
its  strong  acidity,  and  the  possible  commercial  importance  of  this 
acid. 

FERTILIZER   VALUE. 

The  waste  from  the  mill  of  the  Hawaiian  Fiber  Company  has 
been  accumulating  since  the  beginning  of  the  industry,  and  at 
present  there  is  a  large  quantity  of  it  piled  up  at  the  mill.  On 
the  first  visit  of  the  author  to  the  mill  samples  were  taken  from 
this  pile  with  the  view  of  ascertaining  its  fertilizing  value,  as 
that  is  undoubtedly  the  only  means  of  its  disposal  in  this  decayed 
condition.  Samples  were  also  taken  of  the  juice  coming  from 
the  mill  and  fresh  waste  pulp  as  it  was  being  hauled  from  the 
mill  to  the  dump.  The  following  table  gives  the  results  of  the 
analyses: 


ANALYSES   OF   WASTE   PRODUCTS. 


Sample  No. 

Nitrogen 

Potash 

Phosphoric  Acid 

Per  Cent 

Per  Gent 

Per  Cent 

1. 

.45 

5.21 

2.79 

2. 

1.S5 

1.70 

1.23 

3. 

.88 

.69 

1.20 

4. 

1.04 

1.70 

.95 

5. 

.49 

6.38 

.67 

6. 

.93 

2.19 

.46 

No.  1  is  a  sample  of  ash  taken  from  the  pile  (the  waste  had 
been  partially  burned  several  times).  No.  2  represents  waste 
which  had  been  in  the  pile  about  six  months;  No.  3,  about  one 
year ;  No.  4,  about  two  years.  No.  5  is  a  sample  of  brown  pow- 
der obtained  by  evaporating  the  juice  to  dryness,  and  No.  6  is 
a  sample  of  fresh  waste  pulp.  These  analyses  are  all  on  air  dry 
samples,  and  are  a  fair  representation  of  the  plant  food  stored  up 
in  the  pile,  and  clearly  indicate  the  advisability  of  its  being  re- 
turned to  the  soil  and  the  possibility  of  using  the  fresh  waste 
as  fertilizer.  Application  of  the  fresh  waste  would  of  course 
mean  an  addition  of  nitrogen  and  humus  forming  material  to 
the  soil,  but  would  offer  difficulties  in  application  and  transporta- 
tion. The  burning,  or  at  least  partial  burning,  of  the  waste 
would  mean  a  loss  of  a  large  percentage  of  nitrogen  and  or- 
ganic matter,  but  this  would  possibly  be  offset  by  the  increase 
in  content  of  mineral  constituents  and  ease  of  transportation. 
As  shown  in  the  analysis  of  the  ash,  which  was  only  partially 
burned,  some  of  the  nitrogen  remains  in  the  ash.  By  returning 
the  waste  to  the  soil  in  any  form,  lime,  magnesia,  potash  and 
phosphoric  acid,  minerals  on  which  sisal  feeds  most  heavily,  will 
be  returned  to  the  soil.  Otherwise  the  land  will  in  time  tend  to 
become  exhausted. 


FEEDING   VALUE. 

The  use  of  this  waste  as  stock  food  presents  a  possible  means 
of  its  disposal.  From  the  analyses  of  the  sisal  leaves  the  protein 
content  varies  from  0.73  per  cent  to  1,16  per  cent  on  the  fresh 
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leaf .^  The  following  table  shows  the  minimum  and  maximum 
percentages  found  in  our  analyses  for  constituents  of  feeding 
value : 


FOOD    ANALYSIS. 


j               Minimum 

Maximum 

Moisture 

Per  Cent 
8U.22 
0.78 
7.58 
2.27     ' 
1.42 

■;. 

Per  Cent 

88.00 

1.16 
13.57 

3.32 

Protein. 

Nitrogen  free  extract 

Fiber 

Ash 

173 

Ash  Ingredients 

Per  Cent  in  ash 

Per  cent  in  leaf 

Potash 

10.08—20.64 
20.08—45,68 
1,54—  9.76 

0  17     0  85 

Lime 

0.86-0.79 
0.04-0.14 

Phosphoric  acid 



A  qualitative  test  failed  to  show  the  presence  of  more  than  a 
mere  trace  of  fat  or  oil  in  the  leaf. 

The  present  location  of  the  mill,  upon  a  barren  area  of  coral 
land,  where  it  seldom  rains,  would  probably  necessitate  the  trans- 
portation of  the  waste,  should  it  be  found  to  be  of  practical  food 
value.  This  condition  would  necessitate  its  being  brought  to  a 
dried  form,  which  could  be  done  without  materially  altering  i^s 
palatableness  and  would  decidedly  increase  its  food  value.  The 
air  dried  pulp  has  a  very  agreeatfle  aroma  and  physical  appear- 
ance which  it  will  maintain  indefinitely.  In  the  air  dried  form 
it  will  contain  about  5  per  cent  moisture,  which  state  would  in- 
crease its  food  value  as  follows : 

Moisture 5.00  per  cent 

Protein   5  78     *' 

Nitrogen    free   ext 60.01     " 

Fiber 17.97     " 

Ash 1124     ^'       ^' 

These   figures   represent   the    minimum    values    found    in   the 

13   of^fhis^^feTaUon*'"   ^^^*^   ^^^^^   deeding-  stuffs   of   Hawaii,    see   Bui.   No. 


course  of  our  analyses.  In  view  of  the  above  facts,  the  dry 
waste  appears  the  more  suitable  form  to  feed  and  is  worth  a 
fair  trial  as  such,  especially  in  view  of  the  scarcity  of  forage 
crops  in  Hawaii. 

CHEMICAL    INVESTIGATION. 

Since  very  little  chemical  work  has  been  done  on  sisal,  it  was 
considered  of  sufficient  importance  to  make  such  an  examina- 
tion, especialy  to  investigate  the  carbohydrate  content  with  re- 
gard to  its  utilization  for  fermentation  purposes.  The  carbo- 
hydrates to  be  found  in  vegetable  matter  include  various  sugars, 
starch,  gums,  and  celluloses.  Heretofore,  in  a  great  many  of  the 
analyses  of  vegetable  matter  these  carbohydrates  have  been  classi- 
fied under  "nitrogen  free  extract,"  a  term  used  quite  indiscrimi- 
nately and  having  a  very  indefinite  meaning.  During  late  years 
various  articles  have  been  published  and  numerous  reasearches 
made  upon  the  composition  of  this  nitrogen  free  extract.  W.  E. 
Stone  carried  on  a  great  deal  of  work  in  this  line  and  published 
a  method^  for  the  separation  and  determination  of  the  carbo- 
hydrates. This  method,  slightly  modified,  proved  to  give  good 
results  when  applied  to  sisal,  and  was  chosen  for  use  in  the 
analyses  made  in  this  investigation. 

EXPERIMENTAL. 

Before  beginning  the  actual  analysis  a  preliminary  examina- 
tion was  made  to  ascertain  the  character  of  the  ether,  alcohol 
and  water  soluble  matter.  About  100  grams  of  finely  chopped 
leaf  was  covered  with  ether  in  a  500  cc.  Erlenmeyer  flask  and 
allowed  to  stand  one  week  with  frequent  shaking.  The  extract 
was  filtered  off  and  the  residue  washed  by  decantation  several 
times  with  ether.  The  extract  had  a  green  color  due  to  dis- 
solved chlorophyl,  acid  reaction  and  bitter  taste.  No  fat  or  oil 
was  detected,  and  on  evaporating  off  the  ether  the  residue  was 
composed  largely  of  a  green  waxy  or  resinous  substance  and 
contained  no  crystals.  The  per  cent  of  solid  matter  extracted 
by  the  ether  was  very  small  and  contained  no  sugars. 

The  residue  from  the  ether  extraction  was  treated  in  a  like 
manner  with  95  per  cent  alcohol,  filtered  and  the  residue  washed 
by  decantation.     The  result  of  this  extraction  was  a  greenish 

1  Jour.  Am.  Cherti.  Soc,  Vol.  XIX.,  p.  183. 
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brown  solution  with  slightly  bitter  taste  and  acid  reaction.  On 
evaporation  to  dryness  there  was  deposited  a  greenish  black  resi- 
due of  a  gummy  nature.  This  alcoholic  solution  when  evapo- 
rated to  dryness  and  the  resulting  residue  treated  with  cold 
water  was  found  to  be  almost  completely  soluble.  The  water 
dissolved  the  gums  and  sugars,  both  reducing  and  nonreducing, 
and  the  acid,  as  on  redissolving  the  residue  insoluble  in  water 
it  gave  a  neutral  reaction  with  litmus.  The  residue  insoluble  ii 
water  contained  no  sugars  as  it  failed  to  reduce  Fehling's  solu- 
tion either  before  or  after  inversion. 

The  residue  from  the  ether  and  alcohol  extraction  was  next 
treated  in  a  Hke  manner  with  water.  The  solution  obtained  had 
a  yellow  color,  acid  reaction  and  fairly  agreeable  taste.  Upon 
standing  several  days  this  solution  developed  a  moldy  scum, 
indicating  its  ready  susceptibility  to  bacterial  growth.  It  con- 
tained reducing  and  nonreducing  sugars  and  a  relatively  high 
per  cent  of  gums.  On  evaporation  to  dryness  the  resulting  resi- 
due was  insoluble  in  alcohol,  benzene,  slightly  soluble  in  ether, 
and  formed  an  emulsion  with  chloroform.  From  the  above  ex- 
amination it  was  considered  to  be  unnecessary  to  make  an  ex- 
traction with  ether  in  the  analyses,  but  it  seemed  imperative  to 
use  the  alcohol  extraction  followed  by  one  with  water  and  then 
treatment  with  diastase  for  the  starch  determination.  It  is  evi- 
dent that  there  is  present  in  the  leaf  a  small  percentage  of  re- 
ducing and  nonreducing  sugars  and  a  large  percentage  of  gums 
which  are  insoluble  in  alcohol  and  would  be  acted  upon  by  the 
acid  inversion  and  subsequently  determined  with  starch,  thus 
giving  too  high  a  percentage  of  starch.  This  danger  is  elimi- 
nated by  extraction  with  water  before  treating  with  diastase. 

METHOD   OF   ANALYSIS. 

1.  Several  fresh  leaves  were  cut  up  into  small  pieces  and  from 
this  100  grams  were  weighed  into  a  1-litre  flask  fitted  with  a 
reflux  condenser.  Five  hundred  cubic  centimeters  of  95  per 
cent  alcohol  were  added  and  the  whole  boiled  for  three  hours. 
After  thoroughly  cooling,  preferably  letting  stand  over  night, 
the  alcohol  was  filtered  off  and  the  residue  in  the  flask  washed 
several  times  by  decantation.  This  solution  was  evaporated  on 
the  water  bath  almost  to  dryness  and  then  treated  with  water. 
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By  this  means  the  water  dissolved  the  sugars  and  gums,  leaving 
a  residue  of  resin.  The  contents  of  the  dish  were  then  filtered 
through  asbestos  with  the  aid  of  a  filter  pump  and  the  filtrate 
made  to  200  cc.  The  resins  remaining  on  the  asbestos  pad  were 
dissolved  in  alcohol  and  the  amount  determined  by  evaporating 
an  aliquot  to  dryness  in  a  tared  porcelain  dish  and  weighing  the 
residue.  Next  the  reducing  and  nonreducing  sugars  were  de- 
termined in  aliquots  of  the  200  cc,  by  titration  against  Fehling's 
solution  before  and  after  inversion.  Total  solids  was  determined 
by  evaporating  an  aliquot  of  this  solution  to  dryness  in  a  tared 
porcelain  dish.  The  solids  in  solution  other  than  sugars  were 
considered  to  be  gums  and  were  thus  determined  by  difference. 

2.  To  the  residue  from  the  alcohol  extraction  300  cc.  of  dis- 
tilled water  was  added  and  allowed  to  stand  at  room  tempera- 
ture for  24  hours  with  frequent  agitation.  The  residue  was  then 
filtered  off  and  the  solution  was  made  to  500  cc.  The  reducing 
and  nonreducing  sugars  were  determined  with  Fehling's  solu- 
tion before  and  after  inversion.  Total  solid  matter  was  deter- 
mined in  an  aliquot  of  the  solution  as  in  No.  1  and  gums  were 
obtained  by  differencce. 

3.  The  residue  from  the  aqueous  solution  was  brought  to  an 
air  dry  condition  and  its  weight  accurately  determined  in  order 
to  establish  its  quantitative  relation  to  the  original  weight  of  the 
leaf.  Two  grams  of  this  residue  were  weighed  into  a  250  cc. 
beaker,  100  cc.  of  water  added,  and  the  whole  boiled  for  one 
hour  to  convert  the  starch  into  a  soluble  form.  This  was  then 
cooled  to  65°  C.  and  25  cc.  of  a  strong  infusion  of  malt  added. 
The  malt  was  then  allowed  to  act  on  the  starch  for  several  hours 
at  65°  C.  and  subsequently  allowed  to  remain  in  a  warm  place 
over  night.  This  solution  was  filtered,  the  residue  washed  upon 
the  filter  paper  and  the  solution  evaporated  to  100  cc.  This  was 
transferred  to  a  250  cc.  flask,  10  cc.  of  concentrated  hydrochloric 
acid  added  and  the  flask  fitted  with  a  reflux  condenser  and  placed 
in  a  boiling  water  bath  for  one  hour.  It  was  then  nearly  neu- 
tralized, brought  to  volume  and  its  sugar  content  determined 
against  Fehling's  solution.  A  blank  determination  was  made 
upon  the  malt  extract  and  results  corrected  accordingly. 

4.  The  residue  from  the  malt  extraction  was  removed  from 
the  filter,  100  cc.  of  water  and  2  cc.  of  concentrated  hydrochloric 
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acid  added  and  the  whole  boiled  under  a  reflux  condenser  for 
one  hour.  The  pentosans  being  in  this  manner  converted  into 
reducing  sugars  were  determined  by  nearly  neutralizing,  bring- 
ing to  definite  volume  and  titrating  against  Fehling's  solution. 

5.  The  moisture,  ash,  crude  fiber  and  nitrogen  determinations 
were  made  upon  the  fresh  leaf.  Moisture  and  ash  were  deter- 
mind  on  the  same  sample  by  heating  5  grams  in  the  air  bath 
at  100°  C.  for  five  hours.  The  loss  in  weight  was  considered 
as  moisture.  On  this  residue  the  ash  was  determined  by  igni- 
tion. Crude  fiber  was  determined  by  drying  2  grams  of  the 
fresh  leaf  in'  an  air  bath  and  treating  acording  to  the  Official 
Method.    Nitrogen  was  determined  by  the  Kjeldahl  Method. 

The  following  table  gives  a  comparison  of  the  different  sam- 
ples analyzed,  and  attention  is  called  to  their  variation  in  carbo- 
hydrate content: 

CHEMICAL     COMPOSITION     OF     LEAF. 


Reducing  Sugars 

Konredncing  Sugars  . 

Gums  

Starch 

Pentosans 

Nitrogenous  matter... 

Resin 

Fiber 

Ash  (total) 

Acidity 


SAMPLE   NUMBERS 


Per  Cent 
12.49 

5.58 

35.14 

.66 

2.32 

7.25 

2.82 
20.86 
14.42 


Per  Cent 
18.68 
17.32 
15.67 

2.57 

4.92 

4.75 

.83 

23.13 

8.53 

4.42 


Per  Cent 

10.45 

21.11 

23.48 

.66 

3.96 

4.89 

1.84 
15.80 

9.16 

3.48 


Per  Cent 
20.03 

7.56 
23.72 

1.80 

4.73 

6.00 

1.53 
23  71 

9.14 

3.94 


5. 


Per  Cent 

7.48 

7.33 

34.58 

.64 

5.95 

3.68 

1.57 
26.49 
11.83 

1.56 


Per  Cent 
18.50 

2.69 
38.51 

1.25 

4.58 

5,19 

1.93 
18.32 
14.76 


In  this  table  column  1  is  the  analysis  of  a  sample  of  sisal 
grown  at  Robinson,  Oahu,  on  a  red  clay  soil ;  2  is  that  of  a  sam- 
ple grown  on  the  station  grounds,  where  it  received  much  rain 
and  in  a  tufa  soil ;  3  that  of  a  sample  grown  at  Sisal,  Oahu,  on 
coral  land  with  very  little  rain;  4  that  of  a  sample  of  bene- 
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quen  grown  on  the  Experiment  Station  Grounds ;  5  that  of  hene- 
quen  grown  at  Sisal,  and  6  is  the  analysis  of  a  sample  of  Agave 
americana  grown  on  the  Experiment  Station  Grounds.  It  is 
thus  seen  under  what  varying  conditions  sisal  may  be  grown 
with  apparent  success. 

It  may  be  well  at  this  point  to  insert  a  table  showing  the 
amount  of  sugars  and  gums  in  the  fresh  leaf. 


1 

2 

3 

4 

5 

Moisture 

Per  Cent 
88.00 

2.16 

■    2.97 

Per  Cent 
86.20 

4.97 

1.28 

Per  Cent 
81.01 

7.25 

3.36 

Per  Cent 
84.30 

4.33 

2.59 

Per  Cera 
80.22 

Sugar 

Gums ; 

2.93 
5.84 

The  columns  are  numbered  as  in  the  preceding  table. 

DISCUSSION    OF    METHOD    AND    RESULTS. 

1.  The  extraction  with  alcohol  proved  to  be  a  reliable  means 
of  dissolving  the  larger  part  of  the  sugars  occurring  in  sisal, 
which  were  found  to  be  in  large  part  sucrose,  levulose  and  dex- 
trose. It  was  found  absolutely  necessary  to  allow  the  alcohol 
to  thoroughly  cool  before  filtering  off,  for  the  reason  that  in  so 
cooling  a  flocculant  precipitate  settled  out.  This  was,  no  doubt, 
saponin,  and  if  the  solution  was  filtered  hot  it  would  precipitate 
in  the  filtrate  as  the  solution  cooled.  Again,  in  the  determina- 
tion of  the  sugars  by  titration  against  Fehling's  solution  it  was 
found  to  be  advantageous  and  in  most  cases  imperative  that  the 
gums  be  removed  by  precipitation  with  lead  acetate  and  subse- 
quent removal  of  the  lead  with  sodium  carbonate  before  titrati  ig 
against  Fehling's  solution.  Although  this  procedure  consumed 
considerable  time,  if  it  was  not  followed  out  a  yellow  colloid. d 
precipitate  was  formed  when  the  sugar  solution  was  added  to 
the  copper  solution.  This  failed  to  separate  out  on  prolonged 
boiling  and  in  this  manner  obscured  the  decolorization  of  the 
Fehling's  solution.  On  filtering,  to  test  the  filtrate  for  unreduced 
copper,  this  yellow  colloid  passed  directly  through  the  filter  paper 
carrying  with  it  reduced  copper.  By  precipitation  of  the  gums 
with  lead  acetate  and  subsequent  removal  of  the  lead  with  sodiurn 
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carbonate,  this  trouble  was  entirely  eliminated.  However,  in 
cases  where  a  titration  could  be  made  without  treatment  with 
lead  acetate  it  was  found  on  making  a  comparison  of  the  results 
from  titration  of  a  solution  treated  as  above  and  the  same  solu- 
tion untreated,  that  the  latter  showed  a  slightly  higher  sugar 
content.  In  no  case  was  the  author  able  to  get  results  with  the 
polariscope  which  compared  favorably  with  the  results  obtained 
by  titration. 

2.  In  every  case  it  was  found  that  the  extraction  with  cold 
water  dissolved  sugars  which  were  apparently  insoluble  in  alco- 
hol. Treatment  with  lead  acetate  before  titration  was  found  to 
be  more  imperative  in  this  case  than  in  that  of  the  solution  in 
alcohol,  probably  due  to  the  fact  that  the  former  solution  con- 
tained a  larger  amount  of  gums.  It  is  an  interesting  fact  that 
the  sum  of  the  water  and  the  alcohol  soluble  matter  is  a  fairly 
constant  quantity  except  in  the  case  of  Nos.  3  and  6,  as  shown 
in  the  following  table : 


WATER     AND     ALCOHOL     SOLUBLE     CONTENT. 


SAMPLE  NUMBERS 


3. 

2. 

3. 

Per  Gent 

Per  Cent 

Per  Cent 

10.83 

14.88 

8.66 

1.66 

3.80 

1.79 

4.83 

12.79 

2L50 

.75 

4.5S 

6.27 

15.38 

4.80 

8.96 

19.76 

10.87 

14.52 

Reducing  Sugars- 
Soluble  in  Alcohol... 
Soluble  in  Water  .... 

Nonreducing  Sugars- 
Soluble  in  Alcohol... 
Soluble  in  Water 

Gums- 
Soluble  In  Alcohol.. 
Soluble  in  Water 


Per  Cent 
16.62 
3.41 

5.81 
1.75 

7.55 
16.17 


Per  Cent 

6.42 

1.06 

5.00 
2.33 

12.75 
21.83 


Per  Cent 
16.32 
2.18 

2.28 
0.41 

18.05 
20.66 


By  reference  to  the  table  it  may  be  seen  that  in  the  cases 
where  the  sugar  content  is  high  the  gums  are  low  and  vice  versa. 
In  view  of  this  fact  several  leaves  were  allowed  to  remain  in  the 
laboratory  after  being  cut  for  about  one  month.    Analyses  were 
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made  on  the  fresh  leaf  and  after  standing  one  month,  with  the 
following  results  : 

DECREASE     OF     SUGAR     CONTENT. 


Fresh  leaf 

Same  one  month  old 

Reducing  Sugars   

Per  Cent 
18.68 

17.32 

Per  Cent 
2  97 

Non-reducing  Sugars 

QM 

Total  Sugars 

36  00                  1                  12  14 

Gums. 

15  67                                      39  53 

Analyses  are  calculated  to  moisture  free  basis,  and  show  the 
large  decrease  in  sugar  content  of  both  reducing  and  nonreduc- 
ing  sugars,  more  marked  in  that  of  the  former,  and  also  the 
marked  increase  in  amount  of  gums  corresponding  to  the  de- 
crease in  sugars.  On  the  leaves  which  were  allowed  to  remain 
in  the  laboratory  for  some  time  there  was  a  gummy  exudation 
at  the  base  end.  Coupled  with  this  is  the  fact  that  it  is  the  gen- 
eral practice  at  the  mill  to  decorticate  the  leaf  as  soon  after  cut- 
ting as  possible.  Otherwise  the  fiber  is  not  so  easily  cleaned. 
F.  H.  D'Herelle  found  that  reducing  sugars  in  the  sisal  leaf  in- 
creased upon  standing,  little  by  little,  and  reached  a  maximum 
on  the  sixth  day. 

3.  The  sisal  leaf,  as  may  be  seen  from  the  table,  contains  only 
a  very  small  percentage  of  starch.  By  treatment  of  a  cross  sec- 
tion of  the  fresh  leaf  under  the  microscope  with  iodine,  blue 
spots  were  few  and  widely  scattered.  In  view  of  this  fact  the 
solution  was  boiled  vigorously,  and  after  neutralizing  a  strong 
infusion  of  malt  was  allowed  to  act  for  some  time  to  bring  all 
the  starch  into  solution.  The  solution  obtained  in  No.  2  by 
treatment  with  cold  water  contained  no  soluble  starch. 

4.  The  residue  from  the  starch  extraction  still  contained  the 
actual  cellulose  or  crude  fiber  and  the  more  complex  carbo- 
hydrates, such  as  pentosans,  which  upon  treatment  with  acid  are 
hydrolyzed  into  sugars  capable  of  reducing  Fehling's  solution. 
From  comparative  tests  the  treatment  with  acid  was  found  to 
give  more  concordant  results  than  the  method  of  distillation  with 
strong  hydrchloric  acid  and  subsequent  determination  of  furforol 
obtained  in  the  distillate. 
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5.  In  the  determination  of  the  crude  fiber  it  was  considered 
necessary  to  make  this  upon  the  original  sample  according  to 
the  Official  Method.  It  was  found  that  the  analysis  of  the  resi- 
due from  No.  4  gave  too  low  results. 

CRUDE     FIBER. 


Sample  No. 

I 

II 

Per  Cent 

Her  Cent 

1 

23.13 

17.56 

2 

23.71 

18.30 

3 

24.52 

20.77 

Column  1  shows  per  cent  of  fiber  obtained  from  three  analyses 
of  the  fresh  leaf  by  the  Official  Method  and  column  II  the  per 
cent  obtained  by  analysis  of  residue  No.  4.  It  was  found  im- 
possible to  obtain  good  checks  on  duplicate  analyses  made  by 
the  latter  method. 

CHARACTER    OF   THE   ACID    IN    SISAL. 

It  is  a  well  known  fact  among  those  engaged  in  the  dccortica  • 
tion  of  sisal  leaves  that  the  juice  is  very  destructive  to  the  metal 
in  the  machinery  with  which  it  comes  in  contact  and  also  to  the 
hands  of  the  laborers  who  handle  the  fiber  as  it  comes  from  the 
machine.  In  view  of  this  fact,  it  was  considered  to  be  of  suf- 
ficient importance  to  attempt  to  identify  this  acid  and  ascertahi 
if  it  chanced  to  be  of  commercial  value.  So  far  as  the  author 
has  been  able  to  ascertain  from  literature  at  hand,  the  character 
of  the  acidity  has  never  been  determined  definitely.  M.  D'Herelle^ 
calls  attention  to  the  strong  organic  acidity  of  the  leaf,  which  he 
says  is  due  in  part  to  oxalic  acid.  I  was  unable  to  get  a  test  for 
free  oxalic  acid  from  a  solution  obtained  by  boiling  the  leaves 
vigorously  in  water,  but  on  treatment  in  like  manner  with  hydro- 
chloric acid  a  faint  test  for  oxalate  was  obtained.  As  previously 
mentioned  the  ether,  alcohol  and  water  extracts  all  gave  an  acid 
reaction,  but  from  none  of  these  could  any  crystaline  substance 
be  obtained  by  concentrating  on  the  water  bath.  Fermentation 
goes  on  very  rapidly  when  particles  of  the  leaf  are  steeped  with 

1  Loc.  Cit. 
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about  twice  their  weight  of  water,  and  even  in  the  leaf  itself  if 
evaporation  of  its  moisture  content  is  prevented.  By  boiling 
about  500  grams  of  the  leaf  in  water,  acidified  with  sulphuric 
acid,  and  subsequently  evaporating  this  solution  to  a  small  vol- 
ume, a  fairly  concentrated  solution  of  the  plant  acid  was  ob- 
tained. This  was  placed  in  a  separatory  funnel  and  extracted 
several  times  with  ether,  the  ether  evaporated  off  and  the  resi- 
due taken  up  in  water.  The  resulting  solution  has  the  following 
properties : 

1.  Decolorizes  potassium  permanganate  solution  in  the  coid 
in  acid,  alkaline  and  neutral  solution. 

2.  Bitter  taste  and  strongly  acid  to  litmus. 

3.  No  visible  color  reaction  with  ferric  chloride. 

4.  Acid  is  nonvolatile  at  boiling  point  of  water.  At  this  point 
it  may  be  of  interest  to  add  that  on  placing  500  grams  of  the 
leaf  in  a  copper  retort  and  subjecting  to  destructive  distillation, 
the  distillate  remained  neutral  until  the  retort  reached  130°  C, 
temperature  at  which  lactic  acid  is  decomposed.     . 

5.  Acid  miscible  with  alcohol,  ether  and  water. 

6.  In  the  fresh  leaf  this  acidity  increases  on  standing  in  water 
to  a  maximum  and  then  decreases. 

In  addition  to  these  tests  a  measured  volume  of  fresh  juice 
was  titrated  with  N/5  potassim  hydroxide  and  showed  an  acidity 
of  0.45  per  cent.  This  neutralized  solution  was  allowed  to  stand 
and  after  two  days'  time  upon  titration  it  showed  an  increase 
in  acidity  of  0.75  per  cent,  or  a  total  acidity  of  1.10  per  cent. 
This  procedure  was  continued  for  eight  days,  at  which  time  the 
solution  reached  a  maximum  acidity.  These  properties  indicated 
the  identity  of  the  acid  as  being  lactic  acid,  and  in  view  of  this 
fact  the  above  tests  were  repeated  on  leaves  obtained  from  plants 
grown  on  the  Experiment  Station  Grounds,  the  juice  of  which 
was  extracted  as  soon  after  cutting  as  possible.  In  this  manner 
was  eliminated  the  possibility  of  lactic  acids  being  formed  by 
lactic  fermentation,  which  is  known  to  take  place  in  silage,  etc. 

A  sample  of  the  acid  thus  obtained,  when  subjected  to  Uff el- 
man's^  test  for  lactic  acid,  gave  a  decidedly  positive  reaction. 
In  view  of  the  further  fact  that  this  reagent  has  recently  been 
found  to  also  react  with  oxalic,  citric,  tartaric  and  succinic  acids,^ 


1  Zelt.   klin.  Med.  VII,   p.   392. 

2  Abs.  In  E.  S.  R..  Vol.  XXIII.  p.  115. 
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these  acids  were  all  carefully  tested  for  with  negative  results^ 
Another  test  for  lactic  acid,  recommended  by  Georges  Deniges,^ 
namely,  treatment  with  concentrated  sulphuric  acid  and  an  alco- 
holic solution  of  guaiacol,  gave  a  positive  reaction.  In  this 
method  the  sulphuric  acid  converts  the  lactic  acid  into  acetalde- 
hyde,  the  presence  of  which  is  detected  by  means  of  the  guaiacol. 

Following  these  tests  a  portion  of  the  acid  was  subjected  to 
an  analysis  by  the  Palm  method.^  In  this  analysis  the  per 
cent  of  PbO  obtained  by  incinerating  the  lead  lactate,  3Pb  02 
(C3H603),  was  found  to  be  78.36  and  78.07  per  cent  in  two 
precipitations.  The  theoretical  per  cent  is  78.50.  Crystals  were 
also  obtained  by  treatment  with  zinc  oxide  which  resembled  zinc 
lactate  crystals  under  the  microscope,  but  no  chemical  analyses 
were  made  of  these  crystals  to  positively  identify  them  as  such. 
The  above  results  were  considered  sufficient  to  warrant  the  con- 
clusion that  the  acidity  of  the  sisal  leaf  is  due  in  most  part  to 
lactic  acid. 

Soon  after  the  completion  of  this  work  the  Fiber  Company 
placed  a  new  mill  in  operation  at  Robinson,  Oahu,  where  the 
new  plantation  is  located.  They  immediately  noticed  that  the 
juice  from  the  leaves  did  not  attack  the  machinery  so  vigorously 
nor  the  hands  of  the  laborers.  Also  that  the  decortication  could 
be  carried  out  without  the  addition  of  water,  which  is  undoubt- 
edly due  to  the  fact  that  the  leaves  in  this  district  contain  5  to 
10  per  cent  more  moisture  than  those  from  Sisal. 

Leaves  were  sent  to  the  laboratory  from  the  two  districts  and 
the  acid  content  was  determined,  with  the  result  that  those  from 
Robinson  showed  the  higher  acid  content.  However,  these  leaves 
were  younger  and  shorter  in  length,  and  would  necessarily  show 
a  higher  acid  content  than  the  older  leaves,  as  has  been  proven 
in  our  investigation  and  which  is  shown  in  the  following  table: 


TAELE    COMPARING    LENGTH 

OF    LEAF    WITH     ACID 

CONTENT. 

1 

2 

3 

4 

Length  of  Leaf 

Acidity 

29  inches 
.53  per  cent 

38  inches 
.51  per  cent 

48  jnches 
.36  per  cent 

50  inches 
.27  per  cent 

3.  Abs.  Jour.  Chem.  Soc,  London,  VoL  XCVI,  pt.  II,  p.  627. 

4  Jour.  Amer.  Chem.  Soc,  VoL  IX,  p.  16;  also  VoL  XXXI,  p.  1365. 
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Numbers  1,  2  and  3  are  leaves  from  Robinson  and  4  is  from 
Sisal,  and  from  the  data  at  hand  I  do  not  believe  there  is  any 
radical  variation  in  acid  content  between  leaves  of  the  same 
length  from  the  two  districts.  However,  it  has  been  noticed 
that  the  juice  from  leaves  grown  on  the  coral  soil  ferment  much 
faster  in  the  laboratory.  After  neutralizing  the  acid  in  the 
juice  from  40  grams  of  the  leaves,  the  whole  was  allowed  to 
stand  over  night  and  titration  repeated,  with  the  result  that  the 
leaves  from  coral  soil  showed  an  increase  of  0.31  per  cent,  while 
the  leaves  from  Robinson  had  increased  only  0.14  per  cent.  This 
may  possibly  be  due  to  the  higher  lime  content  of  the  former, 
since  lactic  fermentation  takes  place  more  readily  in  presence  of 
lime,  and  may  oEet  some  explanation  as  to  why  the  machinery 
is  attacked  more  vigorously  at  the  Sisal  mill. 

The  fact  that  the  shorter  leaves  showed  a  higher  acid  content 
than  the  longer  ones  led  the  author  to  investigate  the  cause  of 
this  variation,  since  the  only  difference  lies  in  the  fact  that  the 
stump  end  of  the  leaf  is  much  larger  in  proportion  than  in  the 
smaller  leaf  and  consequently  contains  more  juice.  A  leaf,  four 
feet  long,  was  taken  and  cut  into  four  lengths,  each  one  foot 
long,  and  the  acid  content  of  each  length  determined  with  the 
following  results: 

TABLE    SHOWING     VARIATION     IN     ACID. 


1 

2 
0.61 

3 

4 

Percent  Acid 

0.64 

0.34 

0.16 

The  samples  are  numbered  beginning  with  the  tip,  which  is 
No.  1,  and  ending  with  No.  4,  which  is  the  one-foot  length  near- 
est the  stump  of  the  plant.  These  results  offer  an  explanation 
as  to  why  the  younger  leaves  contain  the  higher  acid  content. 

INDUSTRIAL   ALCOHOL    FROM    SISAL   WASTE. 

The  analyses  for  carbohydrate  content  were  made  primarily 
with  the  idea  in  view  of  ascertaining  its  profitableness  for  making 
industrial  alcohol.    M.  D'Herelle^  considers  that  the  Agave  rigida 


5  Loc.  Cit 
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Var.  Sisalana  of  Yucatan  can  be  used  profitably  for  the  produc- 
tion of  alcohol  and  that  other  varieties  of  agave  may  also  be 
used  with  just  as  good  results,  in  consideration  of  the  fact  that 
the  raw  material  is  free  from  cost.  He  considers  the  industrial 
maximum  as  being  16  litres  per  1,000  leaves  and  the  average 
as  being  13  litres  per  1,000  leaves.  With  the  daily  working  of 
175,000  leaves  in  Yucatan  they  would  obtain  about  575  gallons 
of  95  per  cent  alcohol  per  day.  With  this  large  quantity  of  juice 
to  work  on  and  having  overcome  the  difficulties  to  be  encoun- 
tered in  fermenting  sisal  waste,  the  industry  may  be  profitable 
enough  to  pay  for  the  chemist  or  bacteriologist  necessary  for  the 
supervision  of  the  plant,  thus  forming  a  remunerative  industry. 
In  his  article  he  cautions  others  as  to  the  difficulties  of  the  fer- 
mentation of  sisal  waste,  and  states  that  after  trying  a  number 
of  species  of  yeasts  obtained  from  the  Pasteur  Institute,  he  finally 
provoked  a  successful  fermentation  with  a  special  kind  of  yeast, 
the  identity  of  which  he  does  not  divulge.  Other  experimenters^ 
have  not  been  so  successful. 

In  view  of  the  comparatively  small  quantity  of  waste  accruing 
at  present  at  the  Hawaii  plantations  and  the  very  low  sugar  con- 
tent of  sisal  leaves,  it  is  not  deemed  a  profitable  undertaking  to 
utilize  the  sisal  waste  of  Hawaii  for  making  alcohol,  taking  into 
consideration  the  difficulties  to  be  overcome  in  the  fermenta- 
tion. Several  fermentations  were  made  by  the  author  in  this 
laboratory,  and  while  an  alcoholic  fermentation  was  obtained 
by  using  ordinary  compressed  yeast,  the  yield  was  very  poor  and 
indicated  the  difficulties  to  be  overcome.  In  one  instance  an  alco- 
holic fermentation  was  obtained  by  simply  adding  an  excess  of 
calcium  carbonate  and  then  allowing  to  ferment  by  mere  expos- 
ure to  the  air,  the  calcium  carbonate  combining  with  the  lactic 
acid  as  it  is  formed,  thus  checking  the  lactic  fermentation. 

In  our  analyses  the  sugar  content  of  the  fresh  leaf  varied  from 
2  to  7  per  cent,  making  an  average  of  4.5  per  cent,^  which  theo- 
reticaly  would  yield  about  26  litres  (or  6.5  gallons)  absolute 
alcohol  per  ton  of  leaves.    It  is  hardly  conceivable  that  with  such 


1  Bui.   No.   25,   Sta.  Agron.  Colony  of  Mauritius. 

2  These  samples  being  taken  from  different  parts  of  the  island  and 
grown  under  varying  conditions,  give  a  fair  average  of  the  sugar  con- 
tent of  Hawaiian  sisal. 
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a  sugar  content  this  could  be  made  a  remunerative  industry  with 
the  waste  at  hand,  and  even  with  the  large  quantities  of  waste 
in  Yucatan  it  would  require  a  rather  efficient  system.  The  actual 
recovery  of  the  juice,  which  is  only  about  50  per  cent  of  that  in 
the  waste,  and  the  services  of  a  man  trained  in  fermentation  in- 
dustries and  familiar  with  the  properties  of  sisal  waste  are  two 
important  factors  to  be  considered  before  undertaking  the  manu- 
facture of  industrial  alcohol  from  the  sisal  waste. 

For  comparison  it  may  be  of  interest  to  show  the  carbohydrate 
content  of  other  fermentable  substances  along  with  sisal  leaves: 

CARBOHYDRATE    CONTENT    OF    SOME    FERMENTABLE    SUBSTANCES.^ 

Com 70  per  cent 

Potatoes   20  "       " 

Cassava 30-40  " 

Sweet  Potatoes 20  -  25  " 

^Bananas   20  ", 

Cactus  7-20  " 

Sisal   (our  analysis) 2-7  ** 

Herbert  and  Heim,^  after  working  on  sisal  waste,  concluded 
that  while  the  fermentation  of  sisal  waste  for  alcohol  deserves 
consideration,  the  obvious  and  immediate  application  of  this  waste 
is  to  return  it  to  the  land  in  the  form  of  manure. 

CHARACTER   OF   THE   MINERAL   CONTENT. 

From  a  previous  table,  showing  the  analyses  of  the  leaves,  it 
may  be  seen  that  there  is  considerable  variation  in  ash  content, 
namely  from  8.53  per  cent  to  14.76  per  cent  on  the  moisture  free 
material.  This  ash  content  is  rather  high  in  comparison  to  the 
most  plants,  and  indicates  the  extent  to  which  the  sisal  plant 
draws  upon  the  soil  for  its  mineral  plant  food.  At  this  point 
will  be  given  a  table  showing  analyses  of  the  ash  obtained  by 
burning  leaves  taken  from  various  sources  and  growing  under 
varying  soil  and  climatical  conditions. 


1  Bui.  130,  Bur.  of  Chem.  U.  S.  Dept.  of  Cbem. 

2  Compt.  Rend.   1909,  14S.  pp.  513-S14, 


CHEMICAL    COMPOSITION     OF    ASH. 


(AI2  O3) 


Silica  (SiOg)  

Ferric  oxide  (Fe^  O3 
Aluminum  oxide 
Manganese  oxide  (Mn^  O4) 

Lime  (Ca  O) 

Magnesia  (Mg  O) 

Potash  (Kg  O) 

Soda  (Nag  O) 

Sulphur  Trioxide    (S  O3).... 


Phosphoric  Acid  (Pg  O5). 

Chlorine  (CI) 

Carbon  dioxide  (C  O^)  ... 


1 

2 

3 

4 

5 

Per 

Cent 
.74 

Per 

Cent 
.46 

Per 

Cent 

.84 

Per 

Cent 

,42 

Per 

Cent 
1.06 

1.18 

.44 

1.68 

.51 

.36 

4.86 

3.80 

4.04 

4,40 

5.66 

0.08 

0.05 

0.14 

0.17 

0.00 

20.88 

21.58 

45.68 

22.84 

45.44 

10.44 

22.00 

8.48 

26.60 

5.24 

20.64 

12.00 

10.08 

14.68 

10.64 

5.68 

10.12 

3.68 

1.96 

5.24 

2.88 

2.64 

3.12 

2.56 

2.56 

1.54 

8.57 

.35 

17.61 

3.50 

9.76 

.22 

15.24 

4.40 

31.36 

19.18 

19.72 

Per 

Cent 

.30 

1.32 

4.74 

0.28 

21.56 

24.56 

17.80 

6.44 

1.60 

6.24 

15.16 


The  columns  are  numbered  in  agreement  with  the  leaves,  the 
analyses  of  which  are  reported  in  the  table  on  page  12 ;  i.  e.,  col- 
umn 1  is  the  analysis  of  the  ash  obtained  from  the  ignition  of  the 
leaf  whose  analysis  is  shown  in  column  1,  page  12.  From  these 
results  it  is  clearly  evident  that  the  plant  feeds  most  heavily  upon 
phosphates,  lime,  magnesia,  potash  and  soda,  and  since  nearly 
all  this  mineral  matter  remains  in  the  waste  the  analyses  strongly 
indicate  the  advisability  of  returning  the  waste  to  the  soil  as  fer- 
tilizer. Without  this  precaution  the  necessity  of  the  application 
of  artificial  fertilizer  to  obtain  best  results  is  apparent. 

From  these  results  it  may  also  be  seen  that  there  is  a  striking 
variation  in  the  amounts  of  the  minerals  on  which  it  feeds  most 
heavily.  Phosphoric  acid  in  every  instance  was  highest  in  those 
plants  grown  on  the  Station  Grounds,  varying  from  6.24  to 
9,76  per  cent  in  the  ash.  The  next  highest  were  the  plants 
grown  at  Sisal,  Oahu,  while  the  lowest,  1.54  per  cent,  was 
grown  at  Robinson,  Oahu.  The  soil  at  the  latter  location  is  of 
the  heavy,  red  clay  type,  the  phosphoric  acid  content  of  which 
is  known  to  be  held  in  a  difficultly  available  form  as  ferric  or 
titanic  phosphates.  This  fact  indicates  that  better  results  could 
be  obtained  by  applying  small  quantities  of  phosphoric  acid  in 
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a  more  available  form.  The  fact  that  the  plants  grown  on  the 
coral  soil  contain  more  phosphoric  acid  is  probably  due  to  its 
being  in  a  more  available  form  than  that  in  the  heavy  clay  soil, 
namely,  in  combination  with  the  lime.  The  character  of  the  soil 
on  which  the  plants  are  growing  at  the  Experiment  Station  is  a 
fairly  loose  soil,  formed  partly  by  the  disintegration  of  the  black 
volcanic  ashes  which  make  up  the  subsoil. 

Similarly  the  lime  content  varies  greatly  according  to  environ- 
ment, being  of  course  highest  in  those  plants  grown  on  coral  but 
showing  little  variation  in  the  plants  grown  on  the  other  soils. 
There  is  a  rather  striking  relationship  between  the  lime  and 
magnesia  contents  of  all  the  plants,  namely  a  high  percentage  of 
lime  correlating  with  a  low  per  cent  of  magnesia  and  vice  versa, 
and  is  apparently  not  accompanied  by  any  noticeable  injury  to  the 
plants.  Those  grown  on  the  coral  soil  contain  more  than  twice 
as  much  lime  as  the  other  plants,  and  considerably  less  magnesia 
in  spite  of  the  fact  that  Hawaiian  corals  contain  from  0.11  per 
cent  to  9.95  per  cent  magnesia.^  It  may  be  of  interest  in  this 
connection  to  call  attention  to  the  magnesia  content  of  the  ash  of 
plants  grown  at  the  station  grounds  and  those  at  Robinson,  Oahu, 
where  the  lime  and  magnesia  content  of  the  soils  is  as  follows : 


Lime 

Magnesia .. 


Station 

Per  Cent 
0.28 
6.25 


Robinson 

Per  Cent 
0.62 
0.36 


These  results  tend  to  indicate  that  the  sisal  plant  when  grown 
in  an  abundance  of  lime,  will  assimilate  it  in  largest  quantities 
but  in  normal  soils  will  thrive  just  as  well  on  smaller  amounts 
of  lime,  replacing  same  with  magnesia  and  in  small  part  with 
potash  as  may  be  seen  by  reference  to  the  table  of  ash  analyses. 
The  potash  seems  to  be  governed  by  the  lime  content  but  not 
nearly  so  strikingly  as  the  magnesia.  Manganese  apparently  has 
no  injurious  effect  upon  the  sisal  plant.  The  plantation  at  Robin- 
son is  situated  in  the  district  in  which  the  highly  magniferous 


1  U.  S.  Geologrical  Survey,  Bui.  419,  p.  210. 
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soils  occur  and  the  sisal  plant  is  thriving  and  shows  no  deleterimis 
effects  from  the  manganese. 

CONCLUSIONS. 

1.  Obviously  the  best  utilization  of  the  waste  is  to  return  it 
to  the  soil,  for  unless  such  is  done  the  soil  will  in  time  tend  to 
become  exhausted.  By  using  this  waste  as  fertilizer  all  the  min- 
eral matter  will  be  returned  to  the  soil  except  that  in  the  fiber, 
which  will  compensate  for  the  most  of  the  plant  food  removed 
from  the  soil  by  the  plant. 

2.  The  use  of  sisal  waste  as  a  stock  feed  has  been  fairly  suc- 
cessful in  other  countries,  when  fed  in  the  fresh  form.  I  do  not 
think  it  has  ever  been  fed  as  a  dry  feed,  but  believe  such  a  use 
to  be  fully  deserving  as  a  trial,  not  alone  but  mixed  with  other 
rations.  When  properly  dried  it  contains  a  fairly  high  percent- 
age of  sugars  from  which  it  derives  its  nutritive  value  and  should 
give  good  results  along  with  other  feeds. 

3.  The  utilization  of  this  waste  for  making  alcohol  is  claimed 
by  M.  F.  D'Herelle  to  be  a  remunerative  industry  in  Yucatan. 
At  present  outlook  I  do  not  believe  this  means  of  utilization  could 
produce  promising  results  in  Hawaii. 

4.  As  for  the  lactic  acid  content,  I  do  not  consider  that  it 
could  possibly  be  of  any  commercial  value. 

Acknowledgments  are  due  Miss  Alice  R.  Thompson  for  valu- 
able suggestions  offered  from  time  to  time  and  to  the  Hawaiian 
Fiber  Company  for  their  co-operation. 
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INTRODUCTION. 

Pineapple  growing  is  a  new  industry  in  Hawaii.  It  is  only  a 
few  years  ago  that  its  foundations  were  laid,  and  less  than  a 
decade  since  any  rapid  development  began.  As  is  often  the 
case  with  new  enterprises,  it  was  the  subject  of  scorn  and  ridi- 
cule,  and  land  which  now  smiles  with  its  golden  harvest  of  fruit 
was  said  to  be  useless  for  any  purpose  except  the  grazing  of  a 
few  cattle.  The  industry  is  now  well  established,  and  although 
there  are  many  unsolved  problems  connected  with  the  growing 
and  marketing  of  the  crop,  the  experimental  stage  is  well  past 
and  the  attention  of  homesteaders  and  capitalists  is  being  at- 
tracted to  this  new  field.  With  the  recent  opening  of  Govern- 
ment lands  in  various  parts  of  the  pineapple  belt  for  homestead- 
ing,  has  come  a  demand  for  information  relative  to  methods  of 
growing  pineapples  in  Hawaii.  This  station  has  published  sev- 
eral bulletins  dealing  with  special  phases  of  the  subject,  such 


as  the  management  of  pineapple  soils,^  the  manganese  problem,^ 
the  pineapple  scale,^  and  the  marketing  of  the  fresh  fruit  on  the 
mainland,^  but  no  publication  covering  the  field  in  general  has 
been  issued.  This  paper  is  presented  as  an  attempt  to  bring 
together  in  a  simple  way  the  results  of  experience  on  the  more 
important  aspects  of  pineapple  cultivation  in  Hawaii,  but  while 
general  in  its  scope  it  makes  no  attempt  at  an  exhaustive  treat- 
ment. 

SOILS. 

The  pineapple  is  not  exacting  as  to  soils.  Flourishing  planta- 
tions may  be  found  in  Florida  on  the  lightest  of  sandy  soils, 
while  in  Hawaii  broad  fields  may  be  found  upon  very  heavy 
soils  subtended  by  a  still  heavier  stratum.  Good  drainage  is 
an  absolute  necessity.  In  the  pineapple  belt  of  these  islands,  on 
the  areas  which  have  up  to  the  present  time  been  occupied  by 
pineapples,  there  are  three  general  types  of  soils,  including  the 
red  soils,  the  chocolate  brown  or  shotty  soils  and  the  black  soils. 
Opinions  are  divided  as  to  the  relative  merits  of  the  red  and 
chocolate  types.  The  black  soils,  which  are  perhaps  the  most 
attractive  in  appearance  of  any  soils  in  the  islands,  have  been 
found  to  be  the  least  desirable  for  pineapple  cultivation,  because 
of  the  very  high  content  of  manganese,  which  acts  as  a  poison 
to  the  plants.  Soils  containing  more  than  1  per  cent  of  manga- 
nese are  regarded  as  unfit  for  pineapple  culture  at  present.  This 
subject  of  manganiferous  soils  and  the  whole  subject  of  pine- 
apple soils  in  Hawaii  has  been  discussed  in  Press  Bulletins  Nos. 
23  and  29  and  Bulletin  No.  26  of  this  Station,  and  those  who 
wish  to  look  into  the  subject  more  in  detail  are  referred  to  these 
publications,  which  may  be  had  on  application  to  the  station. 

LOCATION    OF   PLANTATION. 

Pineapples  are  found  prospering  in  Hawaii  from  sea  level  to 
elevations  of  about  1,200  feet  or  more.  The  usual  pineapple 
belt  lies  just  above  the  cane  area,  but  on  lands  not  sufficiently 
watered  for  cane  the  pineapples  extend  to  the  lower  levels.    The 


1  Press  Bulletin  No.  29. 

2  Press  Bulletin  No.  23;  Bulletin  No.  26. 

3  Press  Bulletin  No.  10. 

4  Bulletin  No.   14  and  Press  Bulletins  Nos.   21  and  22. 
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moisture  requirements  of  the  pineapple  are  supplied  by  a  rain- 
fall of  about  50  inches  per  year,  if  this  is  reasonably  distributed 
throughout  the  twelve  months,  but  a  very  large  precipitation 
does  not  appear  to  be  injurious  to  the  plants  provided  the  drain- 
age is  perfect.  In  the  district  of  Hilo,  on  the  Island  of  Hawaii, 
pineapples  prosper  where  the  rainfall  sometimes  exceeds  12  feet 
per  year.  Standing  water  will  not  be  endured,  and  flooding  for 
even  a  short  time  is  likely  to  ruin  the  crop.  For  these  reasons 
land  having  a  reasonable  slope  is  generally  preferred  to  that  which 
lies  nearly  level.  The  facilities  for  transportation  must  of  course 
be  carefully  considered  in  locating  the  plantation.  A  large  crop 
can  not  be  economically  transported  any  great  distance  without 
a  railroad  outlet  to  some  port  where  ocean  steamers  call. 

PROPAGATION. 

Except  for  the  purpose  of  breeding  new  varieties,  the  pine- 
apple is  always  propagated  by  parts  analogous  to  cuttings.  Of 
these  there  are  four  different  kinds,  arising  from  different  parts 
of  the  plant.  They  are  known  as  suckers,  crowns,  slips  and 
stumps. 

Suckers.  Suckers  are  young  shoots  arising  from  buds  in  the 
axils  of  the  leaves  (figs.  1  and  4).  They  produce  fruit  more 
quickly  than  any  other  kind  of  plant  and  are  very  extensively  used. 
Their  fruiting,  however,  is  not  quite  so  uniform  in  time  as  the 
fruiting  of  plants  grown  from  crowns.  These  suckers  are  taken 
from  the  plant  shortly  after  the  fruit  has  been  gathered.  After 
this  time  they  mature  rapidly,  but  must  not  be  allowed  to  re- 
main too  long  upon  the  plants,  because  they  will  become  too  far 
advanced  and  the  processes  which  are  to  form  the  flower  bud 
will  already  have  been  set  up  and  will  result  in  the  bearing  of 
a  premature  fruit  which  is  likely  to  be  worthless.  Just  the 
proper  stage  of  maturity  for  removing  suckers  from  the  mother 
plant  is  difficult  to  describe  and  must  be  learned  by  experience 
and  observation.  The  leaves  lose  their  fresh  green  color,  which 
is  characteristic  of  the  immature  suckers,  and  become  slightly 
redened  and  also  spread  out  a  little.  If  taken  at  the  right  degree 
of  maturity  these  suckers  may  produce  pineapples  in  from  15 
to  18  months.  This  is  a  shorter  period  than  is  required  for 
crowns  at  any  season. 

Crowns.     The  crown  is  the  tuft  of  leaves  at  the  top  of  the 


nde    has    been    partly    cut    away,  showing      tiTO      suckers      a 
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fruit  (fig-.  I).  If  the  Iniits  arc  sold  as  fresh  fruit  the  crowns 
must  remain  on  tliem  and  so  can  not  be  used  for  planting-.  If 
tlie  fruit  is  cann,C(i  the  crowns  become  available  as  a  future 
|)lant.     1^'ields   plaritc<:l   with   crowns   do  not   mature  tlieir   fruits 


from  such  plants.  The  fruits,  however,  will  cornc  on  more  uni- 
formly, nearly  all  of  the  field  fruiting-  at  nearly  the  same  time, 
^vhile  the  fruits  from  suckers  may  cornc  on  partly  as  a  summer 
crop  and  partly  in  winter. 

Slips.  The  small  shoots  attached  to  the  sides  of  the  stem  of 
the  pineapple  fruit  are  called  slips  (figs.  1  and  4)  .  These  are  re- 
garded as  good  plants,  maturing-  probably  a  little  more  slowly  than 
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a  sucker  cro[}.  'J'liey  arc  allowed  to  remain  on  the  niotlicr  plant 
rather  loiig-cr  than  suckers  after  the  fruit  is  gathered,  since  they 
do  not  grow  to  large  size  wdiile  the  fruit  is  stih  drawing-  its 
sustenance  from  the  phmt. 

Slumps.  The  stinnp  is  the  base  of  the  old  phmt,  a  part  of 
which  is  in  the  ground  and  a  part  above  groimd.  These  arc 
now  used  less  than  formerly,  when  suckers  were  more  diflicitlt 
to  secure  than  at  present.  On  g:ood  pineapple  kmd  tlieir  chief 
use  is  in  making  a  nursery  from  which  to  draw  a  supply  of  new 
plants  which  will  be  taken  up  and  set  in  other  fields.  Part  of 
the  shoots  which  they  send  up  may  be  allowed  to  remain  to  form. 


fruit.  In  soils  which  contain  rather  excessive  amounts  of  inimr 
gancse,  stumps  arc  probably  the  best  plants  to  use.  The  yontig 
plants,  feeding  upon  the  stored  up  food  material  in  the  stump, 
do  not  appear  to  suffer  so  much  from  manganese  poisoning  as 
do  plants  wdiich  must  depend  upon  their  own  root  system  for 
sustenance  from  the  beginning.  Idie  number  of  plants  which 
may  be  secured  from  a  stuinp  depends  upon  whether  it  is  you.n;:.'; 
and  upon  tfic  treatment  which  it  receives.  If  allowed  to  g^et 
old  and  dry,  few  buds  will  start.  If  j3lantcd  while  still  young 
and  vigorous  and  if  well  supplied  with  moisture,  as  many  -i^ 
ten  or  eleven  i}]ants  per  stump  hav€  been  found.  In  ordinarv 
practice  not  more  than  three  or  foiu-  should  be  expected.  Ibes- 
stumps  are  planted  in  a  continuous  line  in  a  furrow  and  covtreu 
with  about  three  inches  of  soil,  (figs,  2  and  3). 
Preparation  of  the  Plants.    Suckers,  crowns  and  slips  are  pft^- 


pared  for  j3lantirio-  by  removing  a  lew  of  the  lea,vcs  at  the  base 
and  cutting  C)ff  the  end.  Figure  4  shows  a  sucker,  a  crown  and 
a  slip  prepared  for  planting.  Some  experience  is  nAx:cssary  to 
determine  how  many  leaves  slionld  be  removed.  If  too  nianv 
are  taken  off  the  tissue  exposed  is  very  limder  and  is  liable  to 
decay.  Snckcrs  sonietirnes  require  trimming  on  the  to])  also,  or 
rather  the  trimming  of  the  side  k-avcs.  If  left  too  large  they 
arc  liable  to  he  blown  i)Ut  of  the  ground  by  the  winsl     (."rowns 


arc  comnionly  so  iinicli  spread  out  that  cutting  l;)ack  some  of  the 
side  leaves,  as  shown  in  the  illustration,  may  he  necessary  in 
order  to  get  them  sufficiently  into  the  soil.  All  plants  so  pre- 
pared are  generally  allowed  to  lie  in  the  sun  for  a  few  days 
until  their  cut  surfaces  are  dried,  lliey  are  thus  less  subject 
to  decay.  The  removing  of  a  sucker  from  the  moUier  plant  re- 
quires some  experience.  They  hold  on  rather  tcnacinusly,  and 
an  inexperienced  hand  may  break  them  in  getting  them  off. 
The  leaf  just  subtending  the  sucker  is  usiudJy  cut  off.  and  then 
it  is  not  difficult  to  press  down,  upon  the  sucker  and  break  it 
off,  after  it  has  been  moved  about  a  little  in  several  directions. 

Selection,  of  Plants^     Of  course  only  healthy  plants  sliould  be 
selected  as  a  som-ce  of  ■SU|>pl_v  for  new  plant in,gs.     To  what  de- 
gree certain  peculiarities  of  form  in  the  pineapfile  are  i 
is  not  known.     For  example,  quite  a  number  of  fruits 


nherited 
niav  be 
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found  in  most  fields  producing  multiple  crowns.  These  crowns 
may  be  only  two  or  three  in  number,  or  may  spread  over  the 
whole  of  the  fruit,  making  a  large,  deformed,  fan-shaped  top 
to  the  fruit,  greatly  increasing  the  amount  of  core,  and  in  ex- 
treme cases  rendering  the  fruit  useless  for  marketing.  Whether 
these  plants  tend  to  transmit  such  peculiar  characteristics  to  their 
offspring  is  not  known,  although  good  results  have  sometimes 
been  reported  from  the  use  of  such  stock.  The  same  question 
arises  in  regard  to  plants  which  produce  fruit  of  any  particular 
shape.  Fruits  are  found  quite  cylindrial  in  shape  and  almost 
as  large  three-quarters  of  an  inch  below  the  crown  as  at  the 
base,  while  others  are  tapering  in  form.  The  former  is  very 
much  to  be  desired,  because  it  is  more  economical  for  canning 
purposes.  Fruit  tapering  to  a  point  may  be  much  larger  than 
is  necessary  to  form  a  standard  sized  slice  from  the  base  of  the 
fruit,  but  several  slices  at  the  top  may  be  too  small.  Some  ex- 
periments are  now  in  progress  to  determine  whether  this  char- 
acteristic is  inherited  or  not.  If  they  are  proved  to  be  trans- 
missible, it  will  be  possible  to  select  plants  from  those  of  desir- 
able form. 

PREPARATION    OF    THE    SOIL. 

Most  land  on  which  pineapples  are  planted  in  these  islands  is 
either  virgin  or  has  been  in  pineapples  previously.  There  are 
few  instances  where  pineapples  are  planted  on  soil  which  has 
been  occupied  by  other  crops,  except  where  some  quick  crop, 
such  as  watermelon,  has  been  used  as  a  means  of  preparing  the 
soil  for  pineapples.  Either  virgin  soil  or  that  which  has  been 
in  pineapples  will  require  very  thorough  preparation.  In  the 
case  of  virgin  soil  it  is  customary  to  plow  about  4  or  5  inches 
deep  with  an  ordinary  moldboard  plow.  This  is  followed  by 
harrowing  about  once  per  month  for  a  period  of  5  or  6  months. 
Either  spike  tooth  or  disc  implements  are  used.  The  soil  is  then 
plowed  as  deeply  as  possible,  and  with  disc  plows  running  at 
right  angles  to  the  furrows  of  the  first  plowing  if  possible.  It 
is  necessary  to  thus  prepare  land  deeply  in  order  to  make  a  deep 
reservoir  for  the  conservation  of  moisture,  and  also  to  make  it 
possible  for  the  water  to  get  away  from  the  soil  which  is  to  be 
occupied  by  the  pineapple  roots.  Steam  plowing  has  been  prac- 
ticed to  a  limited  extent,  but  is  not  generally  used.     It  is  quite 


possible  that  where  steam  plows  are  readily  available  and  the 
subsoil  tenacious,  it  would  pay  to  use  this  means  of  breaking 
the  soil  deeply.  This  second  deep  plowing  is  followed  imme- 
diately by  harrowing  with  disc  implements  until  the  soil  is  in 
thoroughly  good  tilth.  It  thus  requires  about  six  months  to 
properly  prepare  the  soil. 

Soils  that  have  been  in  pineapples  for  four  or  five  years 
usually  require  quite  as  much,  or  even  more,  preparation  than 
the  virgin  soils,  because  of  the  hardened  condition  which  the 
subsoil  has  acquired  during  the  years  of  constant  surface  tillage. 
Not  a  little  difficulty  was  experienced  in  the  early  years  of  pine- 
apple growing  in  these  islands  by  making  the  second  planting 
upon  soil  insufficiently  prepared,  and  this  led  to  the  belief  by 
some  that  the  pineapple  was  exhausting  upon  the  soil  and  that 
probably  not  more  than  one  planting  could  be  made.  Experience 
has  taught  that  this  idea  is  not  well  founded,  and  it  has  been 
well  known  for  many  years  that  the  pineapple  plant  is  not  ex- 
tremely taxing  on  the  soil.  Thorough  preparation  and  spring 
planting  appear  to  solve  the  difficulty.  Just  what  methods  are 
best  to  use  in  breaking  up  the  subsoil,  and  thus  giving  an  op- 
portunity for  the  aeration  of  the  soil  and  the  percolation  of  water, 
is  not  yet  a  settled  question.  Experiments,  under  the  personal 
supervision  of  the  Director  of  this  Station,  are  now  in  progress 
to  determine  the  effect  and  economy  of  the  use  of  a  special  brand 
of  giant  powder.  In  these  experiments  a  drill  was  driven  into 
the  ground,  making  a  hole  about  three  feet  de^p.  Into  this  one 
stick  of  the  powder  was  placed  and  the  soil  thoroughly  tamped 
over  it.  Such  holes  were  made  about  8  feet  apart  throughout 
the  field  and  the  charges  set  off  in  succession.  The  explosion 
jars  the  lower  strata  of  soil,  but  does  not  disturb  the  surface  to 
any  great  extent.  The  cost  is  about  $20  per  acre.  What  the 
results  will  be,  measured  by  the  success  of  the  future  crop,  it 
is  too  early  to  state,  but  the  indications  are  good  from  the  condi- 
tion of  the  soil  after  blasting. 

If  the  soil  is  virgin  it  has  been  found  a  very  good  practice  to 
get  a  short  crop  from  it  during  the  5  or  6  months  of  prepara- 
tion. Watermelons  have  been  successfully  used  by  some  plant- 
ers and  with  good  profit.  The  success  of  this  crop  depends  upon 
being  within  reasonable  reach  of  a  good  market  and  upon  the 
ability  to  control  the  melon  fly.     This  fly  is  usually  not  a  very 
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serious  menace  to  the  first  crop  planted  upon  virgin  soil  at  some 
distance  from  other  plantings  of  vegetables  which  are  subject 
to  the  attack  of  the  fly.  It  is  quite  probable  that  some  cover 
crop  will  be  necessary  between  the  first  and  second  or  later  plant- 
ings. Cover  crops  have  been  used  to  a  limited  extent  for  this 
purpose.  They  serve  to  penetrate  to  the  lower  depths  of  the 
soil,  and  when  plowed  under  add  much  humus,  and,  if  legumes, 
they  also  increase  the  nitrogen  supply.  The  crops  which  are 
recommended  for  further  trial  are  the  pigeon  pea,  jack  bean, 
cow  pea,  soy  bean,  lablab  bean,  and  the  like. 

PLANTING. 

Distance  and  Arrangement.  There  are  many  plans  for  the 
arrangement  of  the  plants  in  the  field.  A  type  of  one  of 
the  most  common  methods  is  illustrated  in  figure  5,  a.  This 
consists  in  placing  all  the  rows  equally  distant  apart,  in  this 
case  about  48  inches.  The  plants  in  a  row  are  placed  20 
inches  apart.  The  number  of  plants  on  an  acre  set  in  this  man- 
ner and  allowing  for  driveways  is  between  5,000  and  6,000.  A 
second  plan  is  illustrated  at  b  in  figure  5.  Under  this  arrange- 
ment the  rows  are  at  equal  distance.  They  are  about  36  inches 
apart  and  the  plants  in  the  row  about  15  inches  apart.  Under 
this  system,  allowing  for  crossroads,  approximately  10,000  plants 
are  placed  upon  an  acre.  This  method  is  somewhat  extensively 
used  in  certain  parts  of  the  islands  with  great  success,  but  in 
much  of  the  pineapple  area  it  is  claimed  to  be  impractical.  The 
advantages  claimed  for  the  system  where  it  can  be  practiced  are 
obviously  that  about  twice  as  many  plants  are  placed  upon  an 
acre,  meaning  a  much  larger  yield,  and  further  that  the  fruits 
approach  more  nearly  to  the  desired  size  for  canning  purposes 
on  the  "plant  crop,"  as  the  first  crop  after  planting  is  called. 
With  very  wide  planting  a  considerable  proportion  of  the  first 
crop  runs  to  so  large  a  size  that  there  is  loss  in  sizing  down  to 
the  dimensions  of  the  can.  This  is  not  wasted,  now  that  so 
many  secondary  products  are  being  put  out,  such  as  crushed, 
grated  and  shredded  fruit  and  pineapple  juice,  yet  the  highest 
priced  article  is  the  large  size  slice.  Those  who  advocate  this 
system  of  planting  also  defend  it  with  the  claim  that  the  plants 
soon  cover  and  shade  the  greater  part  of  the  ground,  thus  elimi- 
nating much  hand  hoeing.    The  third  plan  illustrated  (fig.  5,  C.) 
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provides  for  the  setting  of  double  rows.  The  plants  in  the  row- 
stand  24  inches  apart  and  two  rows  are  30  inches  apart.  Then 
comes  a  space  of  5  feet,  followed  by  another  double  row.  This  plan 
gives  about  5,000  plants  per  acre  after  allowing  for  land  used 
in  crossroads.  This  has  proved  one  of  the  most  popular  methods 
of  planting.  It  permits  of  the  use  of  cultivators  throughout  the 
entire  time  that  the  plants  are  standing  upon  the  soil.  The  plants 
being  rather  close  together,  support  each  other  more  or  less,  as 
they  do  in  close  planting.  A  fourth  plan  (fig.  5,  d)  places  the 
plants  about  the  same  distance  in  the  row,  but  makes  the  two 
parts  of  the  double  row  stand  closer  together  and  leaves  a  wider 
space  for  the  tillage  by  horse-drawn  implements  between  the 
double  rows.  The  plants  stand  about  24  inches  apart  in  the  row 
and  the  next  adjoining  row  is  21  inches  distant,  the  plants  in  the 
latter  being  placed  opposite  the  space  in  the  first  row,  or  on 
what  is  called  the  quincunx  plan.  Then  follows  a  space  of  seven 
feet  three  inches  before  the  next  double  row,  and  so  on  through- 
out the  field.  This  system  has  not  been  widely  used.  The  claim 
made  for  it  is  that  it  permits  of  the  use  of  disc  implements  drawn 
by  two  mules  throughout  the  entire  time  that  the  plants  are  oc- 
cupying the  soil,  and  by  thus  ridging  the  soil  about  the  plants 
two  or  even  three  ratoons  may  be  taken.  This  system  also  ac- 
commodates about  5,000  plants  per  acre.  Occasionally  the  plants 
are  set  in  beds  of  three  rows,  quite  close  together,  with  a  space 
wide  enough  for  a  cultivator  between  the  beds. 

Seasons  for  Planting,  The  limits  of  the  season  for  planting 
may  be  said  to  be  from  April  1st  to  November  1st,  and  prefer- 
ably in  most  years  from  May  1st  to  October  1st.  Planting  suck- 
ers in  the  spring  and  early  summer  is  likely  to  produce  a  more 
quickly  maturing  crop,  usually  not  so  good  as  obtained  from  late 
summer  or  early  autumn  planting. 

Preparing  the  Rows.  To  prepare  the  rows  for  planting,  a 
small  plow  is  run  twice  through  the  same  furrow,  throwing  the 
soil  in  opposite  directions.  This  is  usually  followed  by  a  culti- 
vator passing  through  the  row.  If  fertilizer  is  to  be  applied  at 
planting  time,  it  may  be  placed  in  the  row  before  the  cultivator 
passes  through.  A  planting  line  is  then  run  up  and  down  the 
row.  This  line  is  specially  prepared,  according  to  the  system  of 
planting  which  is  to  be  followed.    It  is  usually  made  of  ordinary 
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clothes-line  wire  in  which  brass  rivets  have  been  placed  at  the 
same  distances  at  which  the  plants  are  to  stand.  Any  unevenness 
in  the  furrow  is  corrected  by  the  use  of  mattocks  and  hoes,  so 
that  the  plants  can  be  set  with  accuracy  in  a  straight  line.  A 
man  passes  along  the  row,  distributing  the  plants  as  he  goes, 
and  is  followed  by  the  planters. 

Placing  in  the  Soil.  The  plants  are  pushed  down  into  the 
mellow  soil  which  is  slightly  pressed  about  them,  one  plant  being 
set  at  each  rivet  in  the  line.  The  depth  at  which  they  are  planted 
depends  in  part  upon  the  plant  itself  and  in  part  upon  seasonal 
and  soil  conditions.  Crowns  can  not  be  inserted  more  than  about 
one  and  one-half  inches  in  the  soil.  Suckers  can  be  placed  deeper, 
and  in  warm  weather  when  the  soil  is  not  too  wet  they  are  placed 
three  or  four  inches  in  the  soil.  In  wet  weather  it  is  not  safe 
to  plant  them  so  deeply. 

Ridge  and  Level  Planting.  The  method  which  has  just  been 
described  leaves  the  ground  nearly  level  when  the  planting  op- 
eration is  over.  In  rather  heavy  soils  not  perfectly  drained  there 
would  be  an  advantage  in  putting  the  plants  upon  a  slight  ridge. 
This  has  been  practiced  to  a  limited  extent.  The  difficulty  with 
such  a  plan  arises  when  the  ratoon  crop  is  in  progress.  It  then 
becomes  very  difficult  to  get  the  soil  up  about  the  new  shoots 
which  are  bearing  this  second  crop,  and  failing  in  this  there  is 
danger  of  the  plants  breaking  off.  In  a  thoroughly  drained, 
porous  soil,  placing  the  plants  in  a  depression  gives  an  excellent 
opportunity  to  get  the  ratoon  suckers  well  rooted  in  the  soil  which 
can  easily  be  worked  toward  them. 

TILLAGE. 

Tillage  by  horse-drawn  implements  is  practiced  in  all  wide 
planting  systems  and  for  a  shorter  time  with  the  close  planting 
plans.  The  implements  used  are  chiefly  the  ordinary  one-horse 
cultivator,  but,  as  indicated  above,  two-horse  implements  are  also 
in  use.  One  grower  reports  excellent  results  from  the  use  of  an 
implement  which  strides  the  rows,  so  that  the  cutting  parts  work 
up  quite  close  to  the  stump  of  the  plant  under  the  leaves  without 
seriously  injuring  them.  A  man  with  one  mule  and  the  ordinary 
cultivator  is  expected  to  cover  from  60  to  70  acres  in  pineapples. 
Cultivation  is  repeated  about  once  every  three  or  four  weeks.     It 
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is  important  to  consider  the  condition  of  the  soil  when  horse  till- 
age is  to  be  practiced.  There  can  be  little  doubt  that  much  injury 
is  done  by  the  constant  tramping  up  and  down  the  rows  when 
only  a  few  inches  on  the  surface  are  in  suitable  condition  for 
cultivation  while  the  whole  soil  below  is  too  wet  and  is  packed 
tightly  by  the  very  process  which  loosens  the  surface  soil.  It 
will  be  understood  that  this  does  not  in  any  way  discourage  the 
liberal  use  of  the  cultivator  or  other  horse-drawn  implements, 
but  merely  emphasizes  the  need  of  delaying  its  use  until  the  soil 
becomes  sufficiently  dry  beneath.  Hand  hoeing  is  practiced  in 
practically  all  methods  of  planting,  since  no  attempt  is  made  to 
cultivate  by  horse  power  in  two  directions.  Under  most  methods 
of  planting  a  good  laborer  should  do  the  hand  work  that  is  neces- 
sary on  about  30  acres  of  land. 

REMOVAL    OF   CROWNS. 

A  few  growers  remove  the  crowns  from  young,  developing 
pineapples,  believing  that  this  causes  the  upper  end  of  the  fruit 
to  ''fill  out"  more  and  thus  make  a  better  fruit  for  the  cannery. 
This  has  not  become  a  general  practice,  and  there  is  much  room 
for  doubt  as  to  whether  it  really  increases  the  weight  of  fruit 
available  for  slices.  It  gives  the  pineapple  the  appearance  of 
being  more  developed  at  the  top,  but  about  three-fourths  of  an 
inch  of  the  upper  end  is  always  eliminated  and  it  has  yet  to  be 
proved  that  the  pineapple  below  this  point  is  of  any  greater 
diameter  because  of  having  its  crown  removed.  If  new  plants 
are  in  demand,  the  removal  of  the  crown  means  the  loss  of  a 
plant,  and  a  pineapple  without  a  crown  cannot  be  used  in  fresh 
fruit  shipping. 

GATHERING   THE    CROP. 

Seasons  of  Maturity.  The  pineapple  appears  to  have  a  de- 
cided inclination  to  fruit  during^  the  summer  season.  Another 
season  of  lighter  crop  comes  in  the  winter.  The  months  of  July 
and  August  are  the  most  important  ones  for  the  gathering  of 
the  crop,  and  a  large  percentage  of  the  fruits  must  be  handled 
during  a  period  of  two  or  three  weeks.  There  are,  however, 
ripening  pineapples  here  and  there  in  the  fields  throughout  the 
entire  year.     It  has  been  found  possible  to  control  the  seasons 
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of  maturity  to  only  a  limited  degree.  For  example,  if  suckers 
are  planted  about  April  1st  at  Wahiawa,  it  is  quite  likely  that 
the  crop  of  fruit  will  be  produced  in  one  year  from  the  follow- 
ing summer;  that  is  to  say^  in  sixteen  or  eighteen  months  from 
the  time  of  planting.  Suckers  set  about  June  1st  are  very  likely 
to  flower  during  the  autumn  flowering  season  and  mature  a  con- 
siderable crop  during  December  and  January,  about  19  to  20 
months  from  planting.  This  appears  to  be  about  the  best  time 
to  plant  in  that  locality  for  a  winter  crop.  At  this  time,  how- 
ever, plants  are  not  as  easy  to  secure  as  later  in  the  season,  since 
both  suckers  and  slips  mature  chiefly  after  the  fruits  have  been 
removed.  If  the  planting  is  delayed  until  the  first  of  July,  the 
next  flowering  season,  which  for  the  winter  crop  will  be  in  the 
autumn,  will  not  find  these  plants  sufliciently  matured  to  produce 
flowers,  and  as  a  result  they  will  pass  over  to  the  next  spring 
and  will  mature  their  first  crop  of  fruit  in  June  and  July,  about 
two  years  from  the  time  of  planting.  The  accompanying  table 
will  serve  to  show  in  a  general  way  the  probable  time  for  the 
maturity  of  crops  from  plantings  at  different  times  during  the 
planting  season  at  Wahiawa.  Of  course,  seasons  differ  and  the 
table  must  be  regarded  only  as  approximating  the  probable  out- 
come. 

Gathering  Fruit  for  the  Cannery.  The  fruits  required  by  the 
canneries  for  their  best  grades  of  canned  product  weigh  from 
3^  pounds  upward.  For  such  the  highest  prices  are  paid,  and 
anything  running  under  this  standard  must  usually  be  sold  at 
half  price.  Most  canners  prefer  fruit  running  about  four  pounds. 
The  fruit  should  be  as  nearly  cylindrical  as  possible,  as  indicated 
elsewhere  in  this  paper,  in  order  to  supply  as  many  slices  as  pos- 
sible from  each  fruit.  Pines  for  canning  are  gathered  when  they 
are  quite  ripe,  but  many  of  the  fruits  are  taken  before  they  have 
lost  all  traces  of  green  color.  If,  however,  only  a  trace  or  two 
of  green  on  one  side  of  the  upper  portion  of  the  fruit  is  to  be 
found,  the  flavor  of  the  fruit  as  a  whole  is  about  perfect. 

Care  should  be  taken  in  handling  the  fruits  so  that  they  will 
not  become  bruised  on  the  way  to  the  cannery.  Fruits  for  can- 
ning may  be  broken  from  the  plant  and  need  not  be  cut,  as  is 
necessary  for  fresh  fruit  shipping.  They  are  carried  out  to  the 
ends  of  the  rows  and  placed  in  piles  on  the  driveways.     Here 
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they  are  laid  into  lug-boxes  built  expressly  for  this  purpose. 
These  boxes  measure  about  13'^xl6'^x22''  and  must  be  strong. 
They  are  frequently  reinforced  by  wire  bands,  such  as  are  fre- 
quently used  to  strengthen  packing  cases.  These  lug-boxes  after 
being  filled  are  placed  upon  the  wagons  and  carried  either  to 
the  cannery  or  to  the  railroad  siding.  If  to  the  latter,  they  are 
placed  upon  flat  cars  with  racks  built  expressly  for  this  purpose 
and  are  taken  immediately  to  the  cannery.  It  is  desirable  to 
can  the  fruits  the  same  day  they  are  gathered  or  the  day  fol- 
lowing. 

RATOONING. 

Reference  has  been  made  to  the  suckers  which  grow  from  the 
axils  of  the  leaves.  These  may  arise  from  below  ground  or  higher 
up  on  the  plant,  (fig.  2.)  Some  of  these  are  removed  for  new 
plantings,  but  two  may  be  left  to  produce  the  next  year's  crop. 
This  is  spoken  of  as  a  "ratoon"  crop,  even  though  the  sucker 
may  arise  from  a  point  well  above  ground.  Judgment  should 
be  used  in  selecting  the  suckers  which  are  to  be  left  for  the  next 
crop,  leaving  the  lowest  possible.  If  the  soil  can  be  kept  about 
them,  the  support  will  be  good  and  they  will  send  out  roots  of 
their  own,  whereas  a  high  sucker  when  heavily  laden  with  fruit 
is  liable  to  be  broken  off.  Do  not  leave  a  sucker  which  will  in- 
terfere with  another  on  a  neighboring  plant.  Usually  two  suck- 
ers are  left  on  each  plant  for  the  ratoon  crop,  provided  they  are 
well  placed. 

Usually  one  plant  crop  and  one  ratoon  are  taken  from  a  field, 
and  good  fields  may  yield  a  profitable  second  ratoon,  or  even  a 
third,  after  which  the  field  must  be  plowed  up  and  replanted  as 
described  elsewhere. 

FERTILIZERS    FOR   PINEAPPLES. 

The  Hawaiian  pineapple  industry  being  of  recent  development 
and  having  been  carried  on  largely  on  virgin  soils,  very  Httle 
systematic  investigation  of  fertilizing  has  been  pursued.  The 
department  of  chemistry  of  this  station  conducted  two  extensive 
plot  experiments  with  fertilizers.  One  of  these  was  to  deter- 
mine whether  any  of  the  fertilizers  would  overcome  the  yellow- 
ing, stunted  effects  noticeable  on  the  black  soils.     The  report 
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of  this  work^  is  "that  the  application  of  liberal  amounts  of  va- 
rious high  grade  fertilizers,  in  conjunction  with  good  tillage, 
drainage,  etc.,  has  not  resulted  in  overcoming  the  yellowing  of 
pines  on  this  land."  The  other  series  of  experiments  referred  to 
was  made  upon  red  soil,  but  no  reports  of  this  work  have  been 
published. 

Mr.  Carlton  C.  James^  has  published  a  report  of  extended  ex- 
periments with  fertilizers  on  pines  on  virgin  soil  at  Waimea, 
Oahu.  Mr.  James  concludes  from  the  results  of  these  experi- 
ments that  nitrogen  is  not  the  dominant  element  in  pineapple 
fertilizing.  Nitrate  of  soda  seemed  to  have  injurious  effects, 
and  if  nitrogen  should  be  required  in  any  soils  it  would  appear 
better  to  apply  it  in  some  organic  form,  such  as  hoofmeal,  or 
in  the  form  of  sulphate  of  ammonia.  On  this  soil,  however, 
no  form  of  nitrogen  alone  gave  increase  in  the  crop  sufficient 
to  pay  for  the  fertilizer.  It  must  not  be  forgotten,  however, 
that  the  results  might  be  different  where  pines  have  been  grown 
on  the  land  for  many  years. 

As  sources  of  phosphoric  acid,  which  appeared  to  b€  a  most 
important  factor,  superphosphate,  reverted  phosphate  and  steamed 
bonemeal  showed  good  results.  Superphosphate  in  particular 
gave  very  excellent  results,  greatly  increasing  the  yield  and  the 
net  profit.  Its  beneficial  effects  appeared  to  be  increased  on  land 
treated  with  lime.  It  should  be  remembered,  however,  that  lime 
must  not  be  added  to  soils  that  approach  the  limit  of  safety  in 
their  manganese  content. 

Potash  in  the  form  of  sulphate  and  of  muriate  showed  good 
effects,  but  even  better  results  followed  the  use  of  sulphate  of 
potash  magnesia. 

MARKETING. 

The  subject  of  shipping  and  marketing  Hawaiian  pineapples 
has  been  discussed  at  length  in  three  bulletins  of  this  station^ 
and  need  not  be  considered  in  detail  in  the  present  paper,  since 
the  earlier  publications  are  available  to  all  those  who  may  be 
interested  in  the  matter.  Only  a  brief  summary  of  the  most  im- 
portant features  of  packing  and  shipping  will  be  mentioned. 

1  Hawaii  Experiment  Station,  Press  Bui.   23. 

2  "The  Effect  of  FertiUzers  on  the  Growth  of  Pineapples,"  by  Carlton 
C.   James,   Hawaii   Forester  and  Ag-riculturist,   Vol.   VIH,   No.   5. 

3  Hawaii  Expt.  Sta.  Bui.  14,  and  P.  Buls.  21  and  22. 
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Care  in  handling  is  the  first  essential  in  the  successful  ship- 
ping of  pineapples.  This  begins  when  the  laborer  places  his 
hand  upon  the  fruit  to  harvest  it  and  must  continue  until  it  is 
delivered  to  the  consumer.  Select  normal  fruits  from  fields  pro- 
ducing a  healthy  crop,  free  from  the  symptoms  of  manganese 
poisoning,  manifested  by  reddish  fruit  and  yellow  leaves.  Fruit 
for  shipping  without  refrigeration  must  be  cut  quite  green.  In 
the  summer  time  the  stage  of  maturity  generally  regarded  as 
best  is  indicated  by  the  appearance  of  a  light  pea-green  color 
about  the  "eyes"  or  segments  of  the  fruit  near  its  base.  In  the 
winter  season  they  may  be  allowed  to  advance  further  on  the 
plants  and  show  a  slight  yellowing  about  the  base. 

The  laborer  cuts  the  stem  with  a  knife,  for  it  must  not  be 
broken  as  is  done  with  ripe  fruits  for  the  cannery.  The  fruits 
are  carried  to  the  driveways  at  the  ends  of  the  rows  and  are 
there  placed  in  lug-boxes.  They  may  be  left  exposed  to  the  sun 
for  an  hour  or  two  and  the  effects  will  be  beneficial.  The  spores 
of  the  Soft  Rot  fungus  are  destroyed  by  direct  sunlight.^  The 
fruits  are  then  carried  to  the  packing  house,  placed  upon  their 
crowns  and  allowed  to  cure.  This  consists  in  the  elimination 
of  excessive  heat  and  the  drying  and  shriveling  of  the  stems, 
which  takes  place  in  about  a  day  or  more.  A  few  stems  are 
likely  to  fail  to  become  dry,  and  these  must  not  be  shipped,  since 
they  are  almost  sure  to  decay. 

CRATES    AND    PACKING. 

The  crates  which  have  been  used  extensively  in  Hawaii  measure 
15x17x40",  inside  measurement,  and  will  contain  from  130 
pounds  to  150  pounds  of  pineapples.  The  heads  and  a  portion 
through  the  center  are  made  of  about  %"  material  and  the  slats 
are  %"  thick.  This  is  rather  a  large  package  and  various  at- 
tempts have  been  made  to  devise  a  more  satisfactory  size.  A 
very  small  crate,  holding  about  five  or  six  good  sized  fruits,  has 
been  used  by  one  of  the  largest  shippers  for  express  shipments. 
A  medium  sized  crate  measuring  15^x16x2214",  inside 
measurement,  appears  to  be  one  of  the  most  suitable  pack- 
ages yet  devised  for  freight  shipments.  It  will  be  observed  that 
it  is  of  convenient  size  and  has  flattened  edges.     Practically  no 


2  Larsen,  Expt.  Sta.,  H.  S.  P.  A.,  Pathological  Series  Bui.  10,  p.  15. 


20 

packing  space  is  thus  sacrificed,  but  the  shape  prevents  the  crates 
being  placed  so  closely  in  the  ship  or  car  that  no  air  can  circu- 
late among  them. 

For  packing  material  excelsior  only  is  being  used  at  present. 
Hay  made  from  wild  grasses  was  much  used  formerly,  but  now 
will  not  pass  the  California  quarantine  regulations.  The  use  of 
a  paper  wrapper  for  each  fruit  has  not  become  at  all  general 
in  Hawaii,  but  is  to  be  recommended.  The  bottom  of  the  crate 
is  covered  with  excelsior.  Each  pine  is  wrapped  with  a  layer 
of  this  material  passing  about  the  base  and  is  then  placed  in 
the  crate.  The  next  fruit  is  placed  in  the  opposite  direction, 
with  the  crown  close  to  the  first  fruit.  When  one  layer  of  fruit 
is  in  the  crate  more  excelsior  is  worked  in  about  the  pines  and 
on  top  of  them.  The  second  layer  is  begun  by  placing  a  pine 
immediately  over  the  crown  of  the  first  one  in  the  tier  below, 
and  so  alternating  until  the  crate  is  full.  An  essential  point  in 
packing  it  to  get  the  fruits  closely  nested  together  and  tightly 
in  place,  so  that  when  the  slats  are  nailed  down  there  will  be  no 
shifting  of  position  within  the  package. 

SHIPPING. 

The  fruit  must  be  placed  on  the  ship  where  it  will  be  well 
ventilated,  dry  and  reasonably  cool,  and  it  must  be  carefully 
handled.  Because  of  inadequate  facilities  for  ventilating  the 
'tween  decks  of  the  steamers,  most  shippers  prefer  to  have  their 
fruit  on  deck  and  covered  with  a  tarpaulin.  This  should  not 
rest  closely  upon  the  crates,  but  should  be  raised  so  as  to  give 
better  ventilation  and  avoid  heating.  It  is  also  important  that 
the  crates  be  raised  slightly  from  the  deck  and  that  they  be 
so  placed  that  the  air  can  pass  freely  among  them. 

VARIETIES. 

It  is  commonly  stated  that  there  is  but  one  variety  of  pine- 
apple grown  commercially  in  Hawaii.  On  the  contrary,  there 
appear  to  be  at  least  two  distinct  varieties,  and  possibly  several 
strains  of  the  commoner  of  these,  the  Smooth  Cayenne.  Some 
of  these  differences  attracted  the  attention  of  the  writer,  and 
selections  were  made  in  the  summer  of  1910  and  the  cuttings 
planted  for  comparative  study.     These  will  be  maturing  fruit 
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during-  the  1912  season.  A  recent  visit  to  the  Island  of  Kauai, 
where  the  pineapple  industry  is  of  later  development,  revealed 
two  varieties  quite  distinct  in  whole  ields,  the  plants  having  been 
received  from  different  plantations  on  Oahii  or  Hawaii.  One 
of  these  is  the  Smooth  Cayenne  of  the  ordinary  tpye,  fig  6,  centre 
of  foreCTOund.     Ft  is  a  stout,  robust  plant,  quite  free  from  disease 
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as  seen  on  the  plantations  of  Kauai.  The  fruit  is  produced  upon 
a  very  short  stem,  which  carries  few  slips  and  usually  none.  The 
fruits  incline  to  be  barrel-shaped,  with  an  occasional  specimen 
tending-  toward  a  conical  form.  They  become  well  ripened  witliin 
and  the  flesh  is  of  good  color,  flavor  and  texture  before  the  green 
color  has  entirely  disappeared  from  the  outside.  These  are 
spoken  of  on  Kauai  as  the  *'Hilo"  pineapple,  since  the  original 
stock  for  their  plantations  is  said  to  have  come  from  tliat  district. 
Another  variety  is  found  of  taller  growth,  but  not  more  vigor- 
ous, (figs.  1,  6,  7.)  The  fruit  is  larger  in  size  than  tlie  Cayenne, 
with  a  decided  tendency  to  the  conical  shape  and  producing  many 


sMps  oil  jts  stem.  This  is  prol)ably  the  variety  which  Capt.  John 
Kidwell,  tht  pioneer  in  commercial  pineapple  growing  in  iia- 
wai,  refers  to  as  having-  been  introduced  from  Qneenshind  many 
years  ago.^  It  appears  to  have  persisted  in  cwltivatioii  on  some 
of  the  plantations,  mixed  with  the  Cayenne,  and  the  two  have 
passed  as  one  variety.  The  cone-shaped  fruit  is  by  no  means 
as  well  adapted  for  canning  as  tlie  Cayenne,  and  growers  should 
segregate  the  varieties  in  selecting  plants  for  new  fields. 

A  third  type  may  be  found  side  1:)y  side  with  these  that  have 
been  described.  It  also  has  a  smooth  leaf,  but  narrower  tliari 
either  of  the  others.  The  plant  is  of  weak  growth  and  .appears 
very  subject  to  disease  and  insect  attack.  It  ratoons  verv  poorly 
and  sometimes  fails  entirely  in  this  respect.  It  produces  some 
slips,  but  less  than  the  Queensland  variety.  The  fruit  inclines 
to  the  barrel  shape,  and  is  reported  by  some  cann,ers  to  lie  a 
good  keeper,  but  inclined  to  white  color  of  flesh,  which  is  un- 
desirable. This  type  is  quite  unsatisfactory,  on  account  of  its 
weakness  and  failure  to  ratoon.  Whetlier  it  is  a  separate  intro- 
duction or  merely  degenerate  stock  of  the  Cayenne,  deteriorated 
through  unfavorable  conditions,  can  not  be 'stated  at  present, 
but  that  it  has  given  uiii.f^ormly  bad  results  on  Kauai,  wherever 
planted,   there   appears   to  be   no  doubt.     The   difference   is  so 
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marked  that  these  plants  standing  beside  either  of  the  others  can 
readily  be  distinguished  at  a  long  distance.  The  stock  is  to  be 
avoided,  whether  honored  with  a  name  of  its  own  or  not. 

The  Red  Spanish  variety  has  been  tried  on  a  commercial  scale 
in  Hawaii,  but  has  not  met  with  favor.  Its  small  size  puts  it 
out  of  the  running  with  the  Cayenne  in  these  islands  as  a  pine 
for  canning.  Quite  a  large  number  of  varieties  have  been  grown 
experimentally  and  some  of  these,  as  for  example  the  Queen, 
are  well  worthy  of  a  place  in  the  fruit  garden  because  of  their 
excellent  flavor  and  texture,  but  none  of  the  varieties  tested  up 
to  this  time  have  claimed  a  place  in  the  commercial  plantation 
except  the  three  described  above.  We  have  not,  however,  found 
the  ideal  pine,  and  other  varieties  should  be  tested  and  new  kinds 
originated. 

DISEASES. 

Quite  a  number  of  the  diseases  of  the  pineapple  have  appeared 
in  Hawaii,  but  fortunately  only  a  few  of  these  have  caused  much 
damage.^ 

SOFT    ROT. 

Soft  rot  is  a  name  which  has  been  applied  to  a  disease  affect- 
ing green  or  ripe  pineapples.  It  has  done  some  damage  in  the 
fields  and  en  route  to  the  cannery,  but  its  greatest  devastation 
has  been  wrought  upon  fresh  fruit  shipments  to  the  mainland. 
The  loss  thus  occasioned  formerly  often  ran  over  50  per  cent 
and  sometimes  included  the  whole  shipment.  The  disease  is  first 
observed  as  a  soft  and  slightly  discolored  spot  on  the  fruit,  gen- 
erally near  the  base,  although  it  may  occur  at  the  crown  or  upon 
any  part  of  the  fruit.  The  tissue  soon  breaks  down  and  becomes 
blackened.  The  disease  is  caused  by  the  fungus  Thielaviopsis 
paradoxa,  which  also  grows  upon  sugar  cane  and  exists  in  the 
soil.  It  probably  enters  the  fruit  most  frequently  through  the 
cut  stem  or  other  exposed  moist  surface,  but  has  been  shown 
by  Larsen^  to  be  capable  of  penetrating  the  uninjured  surface 
if  suitable  conditions  are  present.     See  fig.  8. 

1  A  careful  study  of  the  diseases  of  the  pineapple  in  these  islands 
has  been  made  by  Mr.  L..  D.  Larsen,  Asst.  Pathologist  of  the  Experiment 
Station  of  the  Hawaiian  Sug-ar  Planters'  Association,  and  the  results 
have  been  published  as  Bui.  No.  10  of  the  Pathological  and  Physiologi- 
cal Series.  Readers  who  wish  to  pursue  this  phase  of  the  subject  in 
more  detail  are  referred  to  that  publication. 

2  Hawaiian  Sugar  Planters'  Assn.  Expt.  Station,  Pathological  Series 
Bui.   No.   10. 


24 


Wg.   S.     Sectional  view  of  pineapple  affected  with  Soft  Kot. 
(Courtesy  of  H.  S.  P.  A.  Experiment  Station.) 


REMEDIES. 

_  No  single  remedial  measure  will  suffice  for  the  control  ol  this 
disease.  The  first  steps  should  be  along  the  lines  of  proper  sani- 
tation. Decaying  pineapples  should  not  be  allowed  to  remain 
about  the  fields  or  the  packing  houses.  The  kig-"boxcs  in  whicli 
green  fruit  for  shipping  is  to  be  carried  should  be  free  from 
spores.  They  may  be  spread  out  where  the  sunHght  can  enter 
them  for  several  hours,  or  fumigation  with  formaldehyde  will 
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prove  an  effective  means  of  destroying  the  spores  that  may  be 
Hngering  in  cracks  and  crevices.^  The  packing  house  must  be 
kept  clean,  and  if  tight  may  be  fumigated,  but  since  most  pine- 
apple packing  houses  are  open  sheds  an  occasional  spraying  of 
the  walls  and  floors  with  Bordeaux  mixture  would  be  easier. 
These  suggestions  are  based  upon  recent  knowledge  of  the  fun- 
gus and  have  not  yet  come  into  general  use. 

The  curing  of  the  fruit  by  allowing  it  to  remain  upon  its 
crown  in  the  packing  house  has  been  found  to  be  very  beneficial. 
By  this  means  several  ends  are  gained.  Any  dampness  that  may 
be  upon  the  fruit  picked  in  rainy  weather  is  eliminated,  as  also 
the  excessive  heat  in  pines  gathered  on  bright  days.  The  freshly 
cut  stems  should  become  shriveled  and  dried,  and  if  any  fail 
to  do  so  they  should  not  be  shipped,  as  stated  elsewhere. 

A  paper  wrapping  around  each  fruit,,  although  not  generally 
used  in  Hawaii,  would  prevent  infection  from  spores  in  the  ship 
or  car,  in  addition  to  its  other  advantages  mentioned  elsewhere. 

It  is  extremely  important  to  provide  on  shipboard  and  else- 
where conditions  that  are  unfavorable  to  the  development  of  the 
disease.  It  is  well  known  that  dampness,  high  temperature  and 
lack  of  ventilation  are  just  the  conditions  in  which  the  disease 
prospers,  and  these  should  not  exist  where  fresh  pineapples  are 
in  storage  or  in  transit.  The  cutting  of  the  subtending  bracts, 
instead  of  pulling  them  off,  and  when  the  disease  is  prevalent 
the  cutting  of  rather  long  stems  on  the  fruit  have  both  proved 
beneficial  in  the  experiments  conducted  by  this  Station. 

In  early  experiments  formaldehyde  fumigation  was  applied 
directly  to  the  fruits  in  some  cases  and  resulted  in  reducing  the 
loss  by  decay,  but  it  has  been  found  in  more  recent  experiments 
here  that  the  gas  in  sufficient  quantity  to  destroy  all  the  spores^ 
injures  the  green  fruit  by  preventing  it  from  acquiring  its  natu- 


1  To  fumigate  with  this  gas  it  is  necessary  to  have  an  airtight  room. 
The  gas  is  easily  liberated  from  commercial  formalin  by  means  of  per- 
manganate of  potash.  The  formalin  should  be  about  40  per  cent  for- 
maldehyde and  it  is  necessary  to  use  from  2y2  to  3  pints  for  every 
1,000  cubic  feet  of  space  to  be  fumigated.  Permanganate  of  potash 
should  be  used  in  the  proportion  of  7^^  ounces  for  every  pint  of  for- 
malin. It  is  only  necessary  to  place  the  permanganate  of  potash  in 
the  bottom  of  a  large  container,  pour  the  formalin  over  it  and  leave 
the  room.  A  violent  reaction  takes  place  and  if  the  container  is  not 
large  some  of  the  fluid  will  be  lost.  The  gas  is  not  dangerous  to  work 
with,  as  is  hydrocyanic  gas,  but  the  operator  must  be  prepared  to  get 
out    promptly. 

2  U.  S.  Dept.  of  Agr.,  Bur.  of  Plant  Industry,  Bui.  No.  171,  by  Flora 
W.  Patterson,  Vera  K.  Charles  and  Prank  J.  Veihmeyer. 
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ral  color  in  ripening.  With  the  other  precautions  mentioned, 
however,  there  is  not  much  difficulty  in  keeping  the  loss  at  a 
minimum  on  properly  selected  fruit  from  healthy  plants. 


(Courtesy  of  H.  S.  P,  A.  Blsp«rlraeiit  Station.) 
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BASE   ROT   OF    CUTTINGS. 

The  same  fungus  which  causes  the  Soft  Rot  of  the  fruit  has 
been  shown  to  be  the  cause  of  the  rotting  at  the  base  of  suckers, 
sHps  or  crowns^  shortly  after  they  have  been  planted  or  while 
they  are  in  transit- on  shipboard  or  train.  The  rotting  away  of 
plants  after  they  have  been  set  out  is  familiar  to  all  pineapple 
growers  in  Hawaii  and  often  results  in  a  very  large  percentage 
of  loss.  Larsen's  experiments  have  demonstrated  that  this  form 
of  the  disease  may  be  kept  well  in  control  by  stripping  off  only 
a  few  leaves  at  the  base  and  allowing  the  plants  to  dry  for  one 
week  before  setting  them  in  the  ground.     See  fig.  9. 

LEAF    SPOT. 

Leaf  Spot  is  a  disease  that  has  been  observed  by  the  growers 
for  many  years,  particularly  in  the  winter  time,  but  since  its 
effects  become  less  apparent  as  the  summer  returns,  it  has  not 
been  seriously  thought  of.  It  is  characterized  by  spots  of  vary- 
ing size  and  usually  of  a  white  or  straw  yellow  color  appearing 
upon  the  leaves.  This  also  has  been  shown  by  Larsen  to  be 
caused  by  the  same  fungus  (Thielaviopsis  parddoxa)  which 
causes  the  Soft  Rot  of  the  fruit  and  the  Base  Rot  of  the  cut- 
tings, and  to  be  associated  with  the  work  of  a  grasshopper  in 
its  attacks  upon  the  leaves.  The  injury  in  the  leaf  caused  by 
the  grasshopper  furnishes  a  common  means  of  entrance  for  the 
fungus,  but  it  also  gains  entrance  through  other  injuries  to  the 
leaf,  such  as  those  made  by  the  rubbing  of  one  leaf  against  an- 
other. Whatever  may  be  done  to  reduce  the  spread  of  this  fun- 
gus, as  indicated  elsewhere,  will  of  course  lessen  the  Leaf  Spot. 
If  it  becomes  necessary  to  take  further  steps  in  control,  some 
measures  should  be  taken  against  the  grasshopper.     See  fig.  10. 

BROWN    ROT. 

Brown  Rot  is  an  appropriate  name  applied  by  Larsen  to  a 
disease  of  the  pineapple  which  is  rather  common  in  Hawaii,  but 
which  has  given  rise  to  little  alarm.  It  may  affect  the  exterior 
of  the  fruit,  appearing  as  a  brown  spot  upon  the  surface,  or  per- 
haps more  commonly  it  may  be  seen  in  the  tissues  of  the  fruit 
just  beneath  the  surface  when  it  is  sliced  at  the  cannery.    It  does 

1  Larsen. 
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Figr.   10.     Pirit'apple  Leaf  Spot.      Thf   two  rmht  hand   spots  m'ere  1 
•ed  by  artifielal  infeciton  with  TlilflMViMpsln/   The  two  on  the  left 


29 

not  result  in  the  breaking  down  of  the  tissues,  as  does  the  Soft 
Hot,  but  mars  the  appearance  of  the  fruit  externally  and  destroys 
certain  slices  for  canning.  A  number  of  organisms  appear  to 
he  capable  of  producing  a  similar  appearance,  but  Larsen  con- 
cludes that  most  of  the  injury  of  this  nature  in  Hawaii  is  due 
to  a  fungus  of  the  genus  fusarkim.  No  remedy  has  been  sug- 
gested for  its  control.     See  fig.  11. 


(Courtesy   of   H.    S.    P.    A.    Experiment   Station.) 

SUN    SCAf.D. 

Wlien,  through  weakness  of  the  stem  or  other  injury,  r 
apple  falls  over  and  lies  in  a  nearly  liorizoutal  position  the 
^'ays  of  tlie  siui  upon  the  exposed  side  often  produce  an 
which  has  been  called  Sun  Scald  or  Sun  Burn.  The  injur 
be  only  slight,  affecting'  merely  the  appearance  of  the  fr 
the  surface,  wditch  becomes  a  pale  green  color  while  the  ri 
der  of  the  pine  is  unripe  and  a  light  yellow  or  wliite  wdii 
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fruit  ripens.  In  more  severe  cases,  however,  the  whole  side  of 
the  fruit  is  arrested  in  its  development  and  the  tissues  within 
become  insipid  or  even  dry  and  pithy.  The  conditions  which 
result  in  the  falling  of  the  fruit  are  several.  A  general  weak- 
ness of  the  plants  arising  from  improper  soil  conditions  is  a 
prevalent  cause.  Sun  Scald  is  very  common  on  highly  man- 
ganiferous  soils,  where  the  plants  show  so  many  of  the  symp- 
toms of  weakness.  In  healthy  fields  plants  often  fall  over  be- 
cause suckers  too  high  up  on  the  stem  have  been  selected  for 
the  ratoon  crop  or  because  the  soil  has  not  been  sufficiently 
drawn  up  about  the  plants.  The  weight  of  the  fruit  itself,  with 
so  great  a  leverage  and  aided  by  the  wind,  causes  the  branch 
to  partly  break  off  and  fall  until  it  rests  upon  the  ground  or 
upon  an  adjacent  plant.  Suckers  for  the  ratoon  crop  should 
be  selected  as  low  down  as  possible,  where  the  soil  can  be  drawn 
about  them. 

WILT. 

Wilt  is  one  of  the  most  wide  spread  of  pineapple  diseases  and 
is  known  in  nearly  all  countries  where  this  fruit  is  grown.  It 
exists  in  Hawaii,  but  with  the  exception  of  a  few  fields  has  not 
caused  great  damage.  The  disease  is  characterized  by  the  wilt- 
ing or  loss  of  rigidity  of  some  of  the  leaves,  which  fall  upon 
the  ground  and  become  useless.  As  the  disease  extends  it  in- 
cludes all  the  leaves  and  the  plant  dies.  The  leaves  often  turn 
reddish  or  yellow  before  they  wilt.  The  cause  of  the  malady  has 
not  yet  been  discovered  and  little  is  recommended  by  way  of 
remedy  except  to  remove  diseased  plants.  Extra  tillage  about 
the  affected  plants  is  claimed  by  the  growers  to  be  beneficial. 
(See  fig.  12.) 

TANGLEROOT. 

Tangleroot  is  a  term  applied  to  an  unnatural  condition  in  the 
roots  of  the  pineapple,  whereby  they  wind  themselves  about  the 
base  of  the  plant  and  fail  to  spread  out  into  the  soil.  The  condi- 
tion does  not  usually  manifest  itself  to  any  serious  extent  on 
plants  that  have  been  properly  stripped  at  planting  and  which 
are  cared  for  by  good  tillage. 


Fig.    12.     Plant  affeciecl  m'ith   pineapple   Wilt,      (Early   staire.) 
(Courtesy   of   H.    S.   P.   A.    Experiment   Station.) 

INSECT    PESTS. 

D,    T.    FULLAWAY. 

There  are  very  few  in.sect  pests  of  the  pineapple  plant  in  Ha- 
waii, and  the  losses  thus  occasioned  are  fortunately  so  small  that 
it  is  ordinarily  unnecessary  to  attempt  any  artificial  control: 

Tlie  commoner  insect  enemies  are  known  respectively  as  the 
"pineapple  scale"  and  the  "pineapple  mealybug."  These  appar- 
ently dissimilar  insects  botli  belong-  to  the  rhyncliotal  family 
Coccidae,  characterized  by  sucking  mouthparts,  the  absence  of 
wings  in  the  female,  and  a  general  sedentary  habit.  They  are 
a  widespread  grotip,  with  which  every  horticulturist  is  familiar, 
and  generally  cause  considerable  damage,  both  in  greenhouse 
and  field. 

The  pineapple  scale  (Diapsis  bromcliae)  has  already  received 
attention  from  the  station  entomologist  and  is  reported  on  in 
Press  Bulletin  No.  10,  by  1).  L.  Van  Dine,  to  which  the  reader 
is  referred  for  more  detailed  information.     The  female  scale  is 


u 

small,  flat  and  circular,  yellowisli  brown  (darker  outside)  with 
a  white  rim,  beneath  which  the  soft-bodied,  g-olden  yellowish  in- 
sect is  concealed,  anil  is  usually  found  thickly  on  the  leaves  and 
somctiiTies  on  the  fruit.  The  male  scale  is  long  and  thin,  entirely 
white,  with  tlirec  longitudinal  ridges.     (See  fig.  13.) 


Fig.  13.     Pineapple  scale    (Diaspis  bromeliee) 
a.  Female  scale.  b.  Male  scale. 

The  pineapple  mealybug  {Pseudococctis  hromeliae)  is  much 
larger  than  the  scale,  is  soft-bodied,  with  well  developed  legs,  is 
more  or  less  convex  above  and  in  color  yellowish  brown  beneath 
the  wuixen  coat  which  makes  it  appear  entirely  white.  The  male 
has  not  been  seen.  This  mealybug  has  formerly  been  confused 
with  PscudococcMs  citri,  from  which  it  dif!*ers  in  the  absence  of 
a  sac.     (See  fig.  14.) 

Both  of  these  insects  damage  the  plants  by  withdrawing  the 
cell  sap  through  the  tubular  cavity  of  the  beak,  which  is  thrust 
intt»  the  tissues.  The  loss  of  the  plant  juice  causes  withering,, 
and  the  puncture  gives  access  to  the  spores  of  parasitic  fungi 
Ixarely,  however,  does  either  scale  or  mealybug  become  numerous 
enougli  to  cause  widespread  injury.     Presumably  they  are  con^- 


Fig.  14.     Pineapple  mealy-bug   (Pisendocaccus  bromelia;),  female. 


trolled  in  a  degree  by  parasites  and  predators  Several  aphclinid 
species  have  been  bred  from  the  scale,  and  the  mealybug  is  de- 
stroyed by  both  cocdnellid  beetles  (Cryptolacnius  montroudcri, 
Rhysobius  vcntralis)  and  by  hymenopterons  parasites  {Cocco- 
pkagus  spp.).  Ants  are  very  active  in  spreading  and  protecting 
the  mealybug  and  are  a  prolific  sonrce  of  trouble. 

When  it  is  necessary  to  wse  insecticides  to  control  the  scale 
insects,  kerosene  cniLilsioo  and  miscible  oil  sprays  are  recom- 
mended, or  a  small  amount  of  tobacco  dust,  which  is  to  be  sprin- 
kled over  the  tops.  When  it  is  practicable  to  fomigate  with 
liydroc3'anic  gas,  a  cheaper  and  more  effective  treatment  is  pos- 
sible. 

Within  recent  years  a  locustid  grasshopper  {XiphkUum  vari- 
penne)  lias  periodically  attacked  pineapple  plants,  gnawing  large 
holes  in  the  leaves.  Fimgus  attack  quickly  follows  the  mechan- 
ical injury  to  the  tissue  and  the  leaves  wither  and  die.  The  dam- 
age has  not  been  extensive  and  probably  never  '^vill  be,  as  the 
grasshopper  is  controlled  by  an  tgg  parasite,  but  the  injury  is 
usually  apparent  encrtigh  to  attract  attention  and  has  occasion- 
ally produced  alarm.     (See  fig.  15.) 
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Fig.  15.     Grasshopper   (Xiphidium  varipenne) 
1  female.  2  nymph.  11  eggs. 

(Copied  from  Swezey). 


Pineapple  growers  will  be  interested  to  know  the  identity  of 
certain  insects  usually  found  around  the  factory  dumps  and  ref- 
use piles  in  the  fields.  The  vinegar  fly  (Drosophila  ampelo- 
phila),  a  nitidulid  beetle  (Carpophilus  hum'eralis)  and  the  orta- 
lid  fly  (Euxesta  annonae),  breeding  in  decaying  fruit  and  trash, 
are  invariably  found  in  such  places  and  are  readily  recognized. 
Several  caterpillars  also,  which  breed  in  situations  affording  dry 
dead  vegetable  matter,  along  with  their  moths,  are  found  around 
ripening  and  overripe  fruit  in  the  field.  None  of  these  can  be 
classed  as  harmful. 
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Developments  brought  forward,  during  the  last  ten  years,  in 
the  commercial  aspect  of  the  rubber  industry,  due  to  the  wide 
range  of  uses  to  which  this  product  may  be  applied,  have  caused 
a  wide  spread  investigation  upon  the  physical  properties  and 
chemical  composition  of  the  latices  from  practically  all  the  com- 
mon latex-bearing  trees  and  shrubs.  These  researches  have  been 
partly  stimulated  by  the  apparent  failure,  heretofore,  of  placing 
the  manufacture  of  synthetic  rubber  upon  a  commercial  basis  of 
sufficient  remuneration  to  compete  with  the  natural  product. 
On  the  other  hand  additional  stimulation  has  been  derived,  for 
both  the  manufacture  of  the  synthetic  product  and  the  investi- 
gation of  latices,  by  the  high  price  which  rubber  has  been  able 


to  maintain.  While  there  is  room  for  doubt  as  to  whether 
scientists  will  ever  be  able  to  duplicate  the  natural  rubber  with 
a  synthetic  product,  it  is  almost  an  absolute  certainty  that  a 
synthetic  substitute  will,  in  the  near  future,  be  made  an  article 
of  commerce. 

While  these  investigations  upon  latices  have  been  primarily 
stimulated  by  a  search  for  a  new  source  of  rubber,  nevertheless 
they  have  brought  out  developments  of  some  value  concerning 
the  resin  content.  Since  this  substance  is  known  to  be  a  con- 
stituent in  widely  varying  quantities  of  all  latex-bearing  as  well 
as  some  non-latex-bearing  trees. 

At  present  the  only  latex-bearing  trees  of  known  commercial 
value  in  Hawaii,  are  those  which  are  used  as  a  source  of  rubber 
and  are  largely  Ceara,  Para  and  Castilloa.  Limited  numbers 
also  exist  of  Manihot  dichotoma,  M.  piauhiensis,  Ficus  elastica, 
F.  reHgiosa,  and  species  of  Cryptostegia,  Sapium,  Kickxia, 
Calotropis  and  other  genera.^.  The  attention  of  this  station  was 
called  to  a  species  of  Euphorbia  (Euphorbia  lorifolia,  native 
name  Koko  or  Akoko,  meaning  blood)  which  contains  an  un- 
usually large  quantity  of  easily  obtained  latex  and  occurs  in 
large  numbers  in  these  islands.  The  first  sample  was  sent  into 
this  laboratory  by  Mr.  J.  F.  Rock  and  was  taken  by  him  from 
trees  on  the  island  of  Hawaii,  covering  several  thousand  acres 
on  that  island  alone.  The  area  is  at  present  under  lease  for 
pasturage,  however,  large  areas  of  this  same  tree  are  said  to 
exist  upon  the  other  islands  of  the  group.  In  view  of  the  ease 
of  obtaining  the  latex,  in  other  words,  the  ease  of  gapping  and 
the  large  quantities  of  latex  which  can  be  obtained  from  one 
tree,  coupled  with  the  large  areas  which  exist  in  the  islands,  it 
was  considered  to  be  of  sufficient  importance  to  warrant  some 
investigation  as  to  the  composition  and  properties  of  this  latex. 


Commercial  importance  attaches  to  any  rubber  yielding  latex  which 
may  be  obtained  in  reasonably  large  quantities.  Euphorbia  lorifolia, 
the  tree  reported  upon  in  this  bulletin,  occurs  in  a  continuous  area  of 
6000  acres  in  one  section  of  Kona.  The  yield  of  latex  shown  by  the 
experiments  reported  herein  is  remarkable,  indicating  as  it  does  the 
possible  collection  daily  per  laborer  of  34  pounds  dry  substance  or  20 
pounds  pure  resin,  without  considering  the  rubber  content  of  the  latex. 
The  comparison  of  the  whole  latex  of  Euphorbia  and  Ceaxa  rubber  is 
of  interest  in  showing  a  very  high  proteid  content  in  Ceara  latex.  The 
fact  that  the  proteid  material  is  so  largely  removed  by  washing  and 
pressure  indicates  how  easily  this  material  is  removed  from  the  rub- 
ber.—E.  V.  WILCOX. 

1.     See  Hawaii  Experiment  Station  Bui.  No.  19. 
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Accordingly  a  large  quantity  was  obtained  and  considerable 
work  and  time  spent  upon  obtaining  information  regarding  its 
physical  and  chemical  properties. 

PREVIOUS  WORK  ON  EUPHORBIA. 

So  far  as  is  known  this  particular  species  of  Euphorbia  is 
found  in  no  other  part  of  the  world,  being  a  native  of  Hawaii. 
However,  this  tree  is  of  a  widely  distributed  genus  and  some 
previous  work  has  been  done  upon  this  genus  of  trees  and  plants 
to  escertain  the  nature  of  the  latex  and  its  caoutchouc-content. 
H  Journelle^  reports  on  E.  elastica,  a  native  tree  of  Madagascar 
which  yields  a  good  quality  of  caoutchouc  and  is  easily  coagu- 
lated by  boiling.  The  yield  of  caoutchouc  he  stated  to  be  at 
least  320  grams  per  litre  of  latex  (about  11.3  oz.  per  quart). 
He  also  merely  mentions  another  species  of  rubber-bearing 
Euphorbia;  namely,  E.  intisy,  a  native  shrub  of  Madagascar. 
J.  McC.  Sanders^  reports  a  species  (E.  elastica,  Palo  amarillo) 
growing  in  Mexico  the  latex  of  which  contains  about  ten  per 
cent  of  rubber  and  the  coagulated  product  contains  about  50 
per  cent  resins.  P.  Olsson-Seifer^  reports  concerning  E.  fulva 
(Palo  amarillo)  a  tree  occuring  in  Mexico  the.  latex  of  which 
contains  7.3  — 15.7  per  cent  rubber  and  19  per  cent  upwards 
of  resins.  Commenting  upon  this  latex  he  says  it  might  pos- 
sibly be  commercially  exploited  as  a  source  of  rubber.  O.  Re- 
buffat^  analysed  the  latex  of  E.  candelabra,  which  grows  abun- 
dantly in  Eritrea,  Africa,  and  claims  to  have  found  40  —  50 
per  cent  of  good  quality  rubber  in  it.  An  analysis  of  the  latex 
of  E.  lactiflua^  shows  it  to  have  a  resin  content  of  about  28  per 
cent  and  about  4.1  per  cent  caoutchouc.  N.  H.  Cohen^  worked 
on  the  latex  of  a  South  African  Euphorbia,  the  coagulated  form 
of  which  contained  70  per  cent  of  resins.  In  addition  a  great 
deal  of  work  has  been  done  upon  the  medicinal  value  of 
Euphorbia  shrubs,  many  of  which  are  known  to  contain  alka- 
loids. 

Some  of  the  results  above  referred  to  are  open  to  serious 
questions  as  to  the  caoutchouc  content.     Especially  the  E.  elastica 

1.  Comptes  Rend.  1905,  140,  1047-1049. 

2.  An.  Inst.  Med.  Nac.  (Mex.)  10  (1908)  pp.  67-74. 

3.  Daily  Cons.  &  Trade  Rep.  (U.  S.)  1909,  No.  3516. 

4.  Atti.  R.  Inst.  Incoragg.    Napoli  6,  Ser.,  59  (1907)  p.  89. 

5.  An.  Agron.   (Santiago  de  Chile)  4  (1909)  No.  3-4  pp.  189-237. 

6.  Arch.  Pharm.  1908,  246,  515-520. 


the  analysis  of  which  shows  30  per  cent  of  caoutchouc,  and 
more  especially  E.  candelabra  the  analysis  of  which  shows  a 
rubber  content  of  from  40  —  50  per  cent.  However,  these  high 
results  may  be  explained  by  the  probability  of  the  analyst  re- 
porting resin  with  the  caoutchouc.  The  latex  of  Para  rubber 
contains  only  about  40  per  cent  caoutchouc. 

PROPERTIES   OF   LATEX   FROM   EUPHORBIA   LORI- 

FOLIA. 

The  latex  is  white,  viscous,  has  milky  appearance,  strongly 
acid  reaction,  and  a  rather  pleasant  aroma  peculiar  to  itself.  It 
is  of  a  rather  highly  combustible  nature  when  the  moisture  is 
evaporated  off  and  burns  with  a  strong  flame  and  dense  smoke 
fumes.  The  latex  has  a  special  gravity  of  about  1.045  at  20°C. 
and  quickly  darkens  on  contact  with  the  atmosphere,  which  is 
probably  due  to  an  addition  product  formed  between  the  oxygen 
of  the  air  and  the  unsaturated  hydrocarbons  of  latex.  However, 
there  is  also  a  strong  possibility  of  this  darkening  being  due  to 
the  proteids.  This  same  property  of  darkening  is  noticeable 
t'pon  the  tree.  In  this  form  the  latex  is  capable  of  being  re- 
emulsified  on  mixing  with  water.  The  latex  does  not  ferment 
readily  and  can  be  preserved  indefinitely  without  even  a  coagula- 
tion or  separation,  by  the  addition  of  a  small  quantity  of  for- 
malin. Under  the  high  power  microscope  glubules  are  only 
faintly  discernable. 

COAGULATION. 

At  the  outset  it  was  found  that  most  of  the  ordinary  methods 
of  coagulation  were  without  apparent  effect  upon  this  latex. 
Accordingly  a  series  of  methods  of  coagulation  were  planned 
and  the  following  results  obtained: 

1.  Acetic  acid  when  added  in  small  quantities  produces  no 
coagulation  even  on  long  standing,  but  upon  the  surface  of  the 
latex  where  the  drops  of  acid  strike,  the  particles  are  set  into 
a  rather  violent  action  and  appear  to  be  temporarily  coagulated 
about  the  drop  of  acid,  but  upon  strirring  this  disappears.  This 
suggested  the  possibility  of  producing  a  coagulation  with  larger 
quantities  of  acetic  acid  with  the  result  that  it  was  found  that 
by  addition  of  extremely  large  quantities  (about  1  part  strong 
acid  to  1  part  latex)  the  latex  thickens  upon  stirring  and  the 
whole  coalesces  into  a  mass,  the  physical  condition  of  which  is 


similar   to   the   white   of   an   egg.     Other   acids    were    without 
effect. 

2.  A  small  quantity  was  treated  with  ammonium  oxalate 
diluted  and  a  small  amount  of  calcium  chloride  added.  There 
was  a  precipitation  of  calcium  oxalate  but  no  coagulation  of 
latex. 

3.  Dilution  with  water  was  without  effect  even  upon  long 
standing. 

4.  Neutralization  with  alkali  produced  no  coagulation. 

5.  On  addition  of  enough  alkali  to  produce  a  6  per  cent 
solution,  no  coagulation  resulted. 

6.  Acid  juice  of  the  sisal  plant  was  tried  to  see  the  effect 
of  plant  juices,  and  it  appeared  to  act  similarly  to  the  acetic 
acid,  with  no  coagulation. 

7.  Salt  solution  (sodium  chloride)  was  without  effect. 

8.  Formalin  produced  no  coagulation,  alum  and  soap  solu- 
tion likewise. 

9.  Lead  acetate  acts  as  a  precipitant  and  carries  down  the 
whole  mass,  leaving  a  clear  supernatant  liquid,  while  alumina 
cream,*  another  clarifying  agent  was  without  effect. 

10.  Ammonium  sulphate,  generally  recommended  as  a  pre- 
cipitant for  proteids  and  albuminoids  was  without  effect  except 
when  added  in  the  form  of  the  dry  salt  in  large  quantities.  The 
action  of  the  salt  was  to  remove  the  water  from  the  latex  to 
form  a  solution,  which  removal  left  the  latex  in  a  coagulated 
condition  from  which  re-emulsification  was  incomplete. 

11.  Addition  of  alcohol  to  the  latex  acted  similarly  to  acetic 
acid,  namely,  small  quantities  were  very  ineffective.  On  grad- 
ually increasing  the  proportion  of  alcohol  and  stirring  the  whole 
up  to  a  certain  stage  it  gradually  coalesces  into  a  strongly  vis- 
cous mass.  Addition  of  alcohol  beyond  this  stage  causes  a  re- 
version of  the  mass  to  its  original  liquid  state.  On  the  other 
hand  pouring  or  better  spraying  the  latex  into  alcohol  produced 
immediate  coagulation  into  a  "cheesy"  mass  which  will  not  re- 
emulsify  by  subsequent  prolonged  boiling  with  either  alcohol  or 
water. 

12.  Action  of  heat.  This  proved  to  be  the  most  promising 
method  of  coagulation.  Up  to  a  temperature  of  75°  C.  the 
latex  maintains  its  original  form  but  between  80"^  —  90°  C.  the 
latex  thickens  and  at  about  90°  C.  assumes  a  "cheesy"  form. 
This  mass  will  partially  re-emulsify  upon  boiling  with  water 
immediately  but  if  maintained  at  90°  C.  for  several  hours   to 


become  thoroughly  coagulated  and  the  whole  allowed  to  re- 
main until  the  following  day  to  cool,  it  then  will  remain  in  its 
coagulated  state  even  on  prolonged  boiling  with  water.  This 
mass  is  cohesive  and  can  easily  be  rolled  into  balls  which  on 
standing  in  the  air  turn  brown  and  lose  moisture  quite  rapidly. 
Of  the  above  methods  Nos.  11  and  12  are  the  only  ones  which 
were  effective  and  No.  12  is  the  one  most  recommended  for  a 
coagulant.  The  coagulation  obtained  is  not  one  in  the  sense 
generally  spoken  of  in  reference  to  rubber  latices,  that  is,  there 
is  absolutely  no  separation  of  clear  liquor,  upper  layer  of 
caoutchouc,  etc.  But  the  whole  action  may  be  better  described 
as  a  coalescing  of  the  entire  latex  into  one  mass,  moisture  in- 
cluded. This  mass  is  extremely  adhesive  but  does  not  possess 
the  strong  cohesive  properties  of  a  coagulated  latex  from  Para 
or  Ceara  trees  and  does  not  appear  to  contain  a  very  large  per 
cent  of  caoutchouc,  but  to  be  composed  in  greater  part  of  resins. 

ANALYTICAL  RESULTS. 

In  order  to  make  an  analytical  examination  lipon  the  latex  it 
was  necessary  to  work  upon  the  "cheese."  The  action  of  sol- 
vents such  as  chloroform,  benzol,  carbon  bisulphide,  etc.,  when 
shaken  with  the  milky  latex  only  increased  the  volume  of  the 
emulsion.  Accordingly  analyses  were  made  upon  the  "cheese" 
by  using  a  series  of  extractions  using  alcohol  first,  then  acetone 
followed  by  chloroform.     The  following  results  were  obtained. 

COMPOSITION    FO    LATEX    IN    PER    CENT. 

1  II  in  IV 

Alcohol  extract    50.66  35.17  37.24  37.10 

Acetone   extract    10.46  19.90  22.60  17.45 

Chloroform   extract    14.79  14.24  17.34  14.72 

Insoluble  residue 24.09  30.69  22.79  30.73 

These  results  are  given  on  the  basis  of  a  moisture  free  latex. 
The  alcohol  extract  represents  gums,  carbohydrates  and  resins, 
the  acetone  extract  the  resin  insoluble  in  alcohol  and  the  chloro- 
form extract  was  a  caoutchouc-like  substance,  and  will  hereafter 
be  referred  to  as  caoutchouc.  The  insoluble  residue  was  ob- 
tained by  difference  and  will  be  described  later.  The  four 
samples  represent  three  different  tappings:  No.  1  was  ob- 
tained by  extraction  in  the  cold;  that  is,  by  allowing  it  to  stand 
in  contact  with  solvents  at  room  temperature,  No.  2  is  the  same 
sample  extracted  with  boiling  solvents,  while  Nos.  3  and  4  are 


separate    tappings    extracted    with    boiling    solvents.      A    more 
complete  analysis  of  the  latex  is  as  follows: 

MOISTURE   AND    SOLID    MATTER. 

per  cent  per  cent  per  cent 

I  II  III 

Solid  matter   41.59  40.92  49.15 

Moisture    58.41  59.08  50.85 

ANALYSIS    OF    SOLID    MATTER. 

Gum 1.50 

Resins    55.95 

Caoutchouc    15.80 

Protein    12. 66 

Reducing  sugars    trace 

Nonreducing  sugars    .68 

Pentosans    84 

Ash    3.44 

Undetermined    9.11 


100.00  per  cent. 

The  above  analysis  represents  the  average  results  of  the 
analyses  made  upon  two  tappings.  For  clearness  it  may  be 
necessary  to  state  that  the  gum  (1.5  per  cent)  was  obtained 
by  treating  the  alcoholic  residue  with  water  and  determining 
the  per  cent  of  this  water  soluble  constituent.  '  Of  course  this 
will  also  contain  part  of  the  sugars  referred  to  in  this  same 
table  but  by  no  means  all  of  them,  as  the  carbohydrates  are  not 
all  completely  soluble  in  alcohol.  The  remainder  of  the  alco- 
hoHc  residue  was  added  to  the  acetone  soluble  resin  and  the 
whole  classified  as  resins,  even  though  there  is  considerable  dif- 
ference in  the  color  and  other  properties  of  the  two  resins.  The 
latex  contains  no  starch  at  least  not  in  sufficient  quantities  to 
be  detected  with  iodine. 

COMPOSITION    OF   THE   ASH. 

Silica  (SiOJ 89 

Ironand  (Fe^Og)       i    ^^ 

Aluminum  oxides  (A\^  O^).) 

Manganese  )Mn3  O4) 00 

Lime  (Ca  O) 6.07 

Magnesia  (Mg  O) 1476 

Potash  (K2  O) 12.94 

Soda  (Na2  O) , 21.72 

Sulphur  trioxide  (S  O3)  3.90 

Phosphoric  acid  (Pg  O5) 1.66 

Carbon  dioxide  (C  Og) 36.42 
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This  table  indicates  that  the  mineral  portion  of  the  latex 
is  made  up  of  the  more  soluble  constitueflts  of  the  soil. 

ALCOHOL-SOLUBLE  MATTER. 

On  extracting  the  coagulated  latex  with  alcohol  a  yellow  so- 
lution is  obtained  which  on  cooling  deposits  a  flocculent  residue. 
On  evaporation  of  the  whole  to  dryness  a  dark  brown  resin  is 
obtained  which  is  more  or  less  brittle  at  room  temperature  and 
softens  at  50°  C.  and  as  stated  above  contains  a  small  per-  cent 
of  water  soluble  gums.  A  short  study  was  made  upon  the 
nature  of  this  resin  and  an  attempt  made  at  a  classification. 
The  following  values  were  obtained:  Acid  value  9.46,  Saponi- 
fication value  38.10,  iodine  number  152.30. 

Resins  are  classified  by  Allen^  according  to  their  content  of 
resin  acids,  resin  esters  and  rescues,  the  latter  being  apparently 
inert  bodies  of  unknown  composition.  The  acid  value  was 
obtained  by  titrating  an  alcoholic  solution  of  the  resin,  while 
the  saponification  value  was  obtained  by  saponifying  the  resin 
with  alcoholic  potash  and  determining  the  amount  of  potash 
used  up  in  the  reaction.  Figures  represent  milligrams  of  pot- 
assium hydrate  per  gram  of  resin.  These  figures  are  compara- 
tively lower  than  a  great  many  resins  and  indicate  that  the 
content  of  resin  acids  and  esters  is  rather  low  and  that  the 
substance  is  in  large  part  either  an  anhydride  of  a  resin  acid 
or  to  be  classified  as  an  indififerent  resene  compound.  The 
iodine  value  is  fairly  high  and  indicates  the  unsaturated  condi- 
tion of  this  organic  substance  as  shown  by  the  readiness  with 
which  it  combines  with  iodine  chloride  (I  CI).  The  iodine 
absorption  was  carried  out  according  to  the  Hiibl  method  and 
absorption  allowed  to  proceed  only  three  hours,  as  the  iodine 
value  was  found  to  vary  greatly  with  the  time. 

ACETONE  EXTRACT. 

This  extract  was  also  a  yellow  solution,  but  lighter  than  the 
alcohol  extract.  On  evaporating  this  to  obtain  the  resin,  a 
vitreous,  almost  transparent  resin,  of  a  reddish  yellow  color  was 
obtained.  This  resin  is  apparently  a  very  good  product,  brittle 
at  room  temperature  and  softening  at  about  65°  C.  A  short 
study  of  the   nature   of  this   substance   revealed   the   following 


1.    Allen,  Com.  Organic  Chem.  Vol.  II,  pt.  Ill  p.  141. 


data:     Acid  value  0.0,  Saponification  value  0.0,  iodine  number 
163.0. 

This  product  undoubtedly  is  to  be  classed  as  a  resene  com- 
pound. It  is  not  acted  upon  by  boiling  with  alkali,  in  other 
words  is  unsaponifiable.  Allen  says  of  these  compounds  that 
''they  possess  no  characteristic  chemical  properties  and  do  not 
appear  to  be  alcohols,  esters,  acids,  ketones  or  aldehydes."  This 
class  of  resins  is  used  in  the  manufacture  of  varnish,  their 
value  being  due  to  their  chemical  inactivity.  Tschirch^  presents 
the  theory  that  this  class  of  compounds  belongs  to  the  oxyter- 
penes  or  oxypolyterpenes. 

CAOUTCHOUC. 

The  portion  of  the  latex  soluble  in  chloroform  is  radically  dif- 
ferent in  its  physical  properties  from  the  two  previous  ex- 
tracts. Upon  evaporation  a  caoutchouc-like  substance  is  ob- 
tained which  remains  soft  and  sticky  at  ordinary  temperatures. 
The  extraction  with  chloroform  is  complete,  and  easily  filtered 
from  the  insoluble  residue,  which  indicates  the  absence  of  the 
insoluble  residue  characteristic  of  Para  and  Ceara  latex  which 
swells  upon  treatment  with  chloroform  and  renders  the  ex- 
traction with  this  solvent  incomplete.  While  there  is  no  ques- 
tion of  the  solubility  of  caoutchouc  in  chloroform,  its  action  is 
greatly  retarded  in  the  Para  and  Ceara  rubber  by  the  presence 
of  this  insoluble  constituent  the  composition  of  which  Weber^ 
found  to  be  expressed  by  the  formula  Cg^  Hgg  O^^-  The 
action  of  chloroform  on  Euphorbia  rubber  as  noted  above  in- 
dicates the  absence  of  such  an  oxygenated  compound  in  the 
rubber  from  this  tree. 

No  tests  were  made  to  prove  absolutely  that  this  chloroform 
soluble  matter  is  pure  caoutchouc  chemically,  beyond  its  solu- 
bility in  various  solvents.  A  solution  of  it  in  chloroform  or 
carbon  bisulphide  is  precipitated  out  as  a  white  precipitate  on 
pouring  into  alcohol  or  acetone.  While  this  is  one  property  of 
rubber  it  is  not  proof  of  its  presence  as  other  hydrocarbons  in- 
soluble in  alcohol  and  soluble  in  chloroform  may  have  the  same 
properties.  It  hence  only  indicates  the  possibility  of  its  being 
caoutchouc.  J.  Torrey^  has  proposed  a  colorimetric  method  for 
the  determination  of  rubber  based  on  the  deep  red  color  pro- 

1.  Tschirch  "Die  Harze  und  die  Harzbehaeter"  2nd  ed.  p.  1079. 

2.  Jour.  Soe.  Chem.  Ind.  1900,  p.  215. 
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duced  when  rubber  is  heated  in  nitric  acid  (sp.  g.  1.42)  and 
then  the  whole  dissolved  in  alkali.  The  product  from  Euphor- 
bia responds  to  this  reaction  beautifully,  but  the  two  resins 
obtained  also  react  with  equal  intensity.  While  it  was  not  con- 
sidered of  sufficient  importance  to  make  an  elaborate  study  of 
this  substance  to  prove  absolutely  its  composition,  from  the  data 
obtained  I  am  of  the  opinion  that  it  would  be  identified  as  a 
caoutchouc  body.  However,  it  appears  to  be  an  inferior  grade 
of  rubber  and  lacks  the  strong  cohesive  properties. 

INSOLUBLE  RESIDUE. 

The  residue  left  from  extractions  with  the  above  solvents  is 
a  white  flaky  substance  which  can  be  ground  to  a  rather  fine 
powder.  While  it  appears  to  contain  a  small  per  cent  of  gum 
or  resin  it  is  apparently  insoluble  in  all  the  common  solvents. 
The  most  striking  thing  noticeable  is  the  high  nitrogen  content, 
which  amounted  to  6.88  per  cent  and  is  equivalent  to  nearly 
50  per  cent  protein.  Subsequent  tests  to  prove  the  presence  of 
proteids  gave  positive  results.  Millon's  reagent  (a  solution  of 
mercurous  nitrate,  holding  nitrous  acid  in  solution)  gave  a  re- 
action for  proteids  both  in  this  insoluble  residue  and  in  the 
original  latex.  Other  minor  tests  were  obtained  which  added 
to  the  proof  of  the  presence  of  this  class  of  compounds  in 
appreciable  quantities.  This  residue  is  not  acted  upon  by  any 
of  the  strong  acids  at  ordinary  temperatures  but  when  boiled 
with  strong  alkali  forms  a  colloidal  solution  which  on  standing 
precipitates  as  a     flocculent  precipitate. 

In  view  of  the  fact  that  the  presence  of  alkaloids  has  been 
claimed  in  Euphorbia,  several  of  the  more  important  methods 
of  detecting  this  class  of  compounds  were  applied  to  the  latex 
and  also  to  the  insoluble  residue,  none  of  which  indicated  their 
presence. 

DRY  DISTILLATION. 

On  subjecting  this  latex  to  destructive  distillation  some  inter- 
esting results  were  obtained,  thus  opening  up  a  line  of  work 
which  would  require  a  thorough  study  to  reach  any  conclusion 
as  to  the  nature  of  the  distillation  products.  I  will  only  briefly 
state  that  the  main  product  is  a  resin  oil  with  a  green  fluore- 
scence   similar   to    crude    petroleum,    which    amounts    to    about 

1.    India  Rubber  Jour.  1905,  30,  p.  417-18. 
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25-30  per  cent  of  the  original  latex  and  passes  over  at  about 
250°  C. 

DISCUSSION. 

The  physical  constitution  of  the  caoutchouc  bearing  latices  is 
generally  considered  to  be  an  emulsion,  the  stability  of  which 
depends  upon  the  maintenance  of  a  state  of  equilibrium  within 
this  emulsion.  The  coagulation  of  the  latices  consists  essentially 
in  disturbing  this  equilibrium  with  the  aid  of  chemical  or  phy- 
sical means.  Thus  bringing  about  a  segregation  and  subse- 
quently an  aggregation  of  the  particles  making  up  the  emulsion, 
those  of  specific  gravity  lighter  than  water  (which  would  in- 
clude caoutchouc  and  many  resins)  would  rise  to  the  surface, 
and  since  these  constituents  are  the  dominating  ones,  they  would 
carry  the  major  part  of  the  remaining  constituents  such  as 
mineral  matter,  carbohydrates,  proteids,  etc.,  with  them.  These 
latter  substances,  howover,  are  removed  in  large  part  by  sub- 
sequent washing. 

Since  the  Euphorbia  latex  refused  to  respond  to  most  of  the 
latex  coagulants  commonly  used  and  since  it  is  readily  coagu- 
lated by  means  of  alcohol  and  heat,  (both  of  which  are 
coagulants  for  albuminoids  and  proteids),  it  would  seem  that 
the  coagulation  of  Euphorbia  latex  is  primarily  due  to  the 
coagulation  of  these  bodies.  A  thorough  explanation  of  the 
phenomeon  of  coagulation  which  is  acceptable  to  all  interested, 
is  yet  forthcoming.  However,  I  am  of  the  opinion  that  the  pro- 
teids are  a  big  factor  in  the  above  method  of  coagulation.  Dif- 
ferent forms  of  proteids  being  affected  or  unaffected  by  physical 
or  chemical  agents  according  to  the  properties  of  the  proteids 
present,  offers  a  theory  as  to  the  action  of  various  coagulants, 
and  why  the  different  coagulants  act  so  differently  on  latices 
of  various  sources  and  properties.  Furthermore  the  action  is 
apparently  a  physical  one. 

The  resolution  or  re-emulsification  which  the  Euphorbia  latex 
undergoes  on  adding  an  excess  of  alcohol  as  previously  referred 
to  is  probably  due  to  a  resolution  of  the  proteid  in  this  solvent. 
Heat  and  alcohol  both  being  dehydrating  agents,  offers  an  ex- 
planation of  the  coagulation  as  being  a  result  of  dehydration 
but  at  all  events,  even  though  this  be  partially  true,  the  effect 
upon  the  proteid  appears  to  be  the  dominant  factor. 

The  function  of  latices  is  also  a  matter  yet  open  to  wide  dis- 
cussion.    For  this  reason,  primarily,  the  mineral  constitutents  of 
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the  ash  were  determined  and  have  been  tabulated,  as  well  as 
the  carbohydrate  and  nitrogen  content.  Some  investigators  have 
advanced  the  theory  that  the  latex  is  an  excretory  product  of  the 
plant,  others  that  it  acts  as  a  source  of  stored  up  energy,  and 
D.  Spence^  likens  its  function  in  rubber  trees  to  that  of  glycogen 
in  the  liver.  The  theory  of  its  acting  as  a  source  of  plant  food 
appears  the  more  acceptable  from  data  at  hand,  namely,  high 
nitrogen  content  and  the  composition  of  the  mineral  constituents. 
Coupled  with  this  is  the  fact  that  the  green  fruit  of  the  Sap- 
otaceae  (source  of  Balata  rubber)  contains  a  latex  which  is 
lacking  in  the  ripe  fruit.  There  is  also  a  strong  possibility  of 
the  latex  acting  as  a  moisture  conserving  agent  for  the  plant 
and,  through  the  moisture  content  of  the  latex,  as  a  conveyor 
of  plant  food. 

COMPARISON  OF  EUPHORBIA  WITH  CEARA  AND 

BALATA. 

In  order  to  compare  the  properties  of  the  Euphorbia  latex 
with  some  of  the  other  latices  obtainable  at  the  Experim.ent 
Station,  samples  were  collected  from  Ceara  and  Balata  and  the 
resin  and  caoutchouc  content  examined.  Balata  being  identical 
with  the  so-called  chicle,  the  main  constituent  of  chewing  gum, 
it  was  considered  to  be  of  sufficient  importance  to  compare 
these  resins,  since  the  Euphorbia  resin  serves  as  an  excellent 
substitute  for  this  purpose.  And  while  the  physical  properties 
of  the  two  latices  appear  to  differ  as  well  as  the  physical  form 
of  the  caoutchouc  the  resins  soluble  in  alcohol  and  acetone  are 
similar.  On  the  other  hand  the  resins  from  the  Ceara  were 
soft  and  entirely  different  from  the  other  two.  The  following 
table  gives  a  comparison  of  analyses  made  upon  the  three 
varieties  of  latex. 

-       LATEX     ANALYSES. 

Balata  Ceara  Euphorbia 

per  cent  per  cent  per  cent 

Resins  alcohol  soluble 42.80  7.28  34.70 

Resins  acetone  soluble 4.91  1.30  21.25 

Protein   4.35  13.16  12.66 

Ash    notdet.  2.54  3.44 

Caoutchouc    13.95  75.72  15.80 

The  caoutchouc  was  determined  in  the  Ceara  by  difference 
for  reasons  already  referred  to  while  that  in  the  other  latices 
was  determined  by  extraction  with  chloroform.     It  is  impossible 

1.     Biochem.    J.  3,  165. 
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to  make  an  extraction  of  Ceara  by  chloroform  in  a  reasonable 
length  of  time.  The  insoluble  residue  left  from  the  balata 
amounted  to  38.4  per  cent  and  was  unlike  that  of  the  Euphor- 
bia in  that  if  contained  a  higher  per  cent  of  an  insoluble  gum 
or  resin.  A  sample  large  enough  to  make  a  further  study  of 
this  product  was  not  obtainable,  this  sample  being  taken  from  a 
number  of  green  fruits.  The  Ceara  latex  was  obtained  from 
trees  on  Tantalus  which  had  not  been  tapped  for  about  two 
years. 

Weberi  comments  upon  the  protein  content  of  latices  and 
considers  the  presence  of  as  much  as  5.6  per  cent  in  a  dry 
latex  of  unknown  origin  and  also  another  of  Para  containing 
4.3  per  cent,  highly  questionable.  All  the  figures  obtained  in 
my  analyses  were  duplicated  and  several  different  tappings 
analysed  from  which  there  is  no  possibility  of  the  high  per- 
centages of  protein  being  abnormal. 

SUMMARY. 

The  best  means  of  coagulating  the  latex  from  Euphorbia 
lorifolia  is  with  heat  or  by  spraying  the  latex  into  alcohol.  The 
former  method  appears  to  be  the  preferable. 

The  constituents  which  appear  to  be  of  most  commercial 
value  are  the  resins,  the  acetone  soluble  resin  being  a  product 
of  very  fine  texture  and  physical  appearance. 

The  chaouchouc  like  substance  appears  to  be  of  an  inferior 
quality  in  comparison  to  the  better  grade,  however,  it  might 
find  use  as  a  low  grade  product. 

Distructive  distillation  of  this  product  or  possibly  of  the  wood 
from  this  tree  presents  an  unexplored  field  which  may  possibly 
offer  a  theme  for  future  work.  By  distilling  wood  and  all  a 
more  complete  recovery  would  be  possible. 

In  event  of  a  commercial  working  of  this  latex  by  means  of 
volatile  solvents,  the  insoluble  residue  with  its  40-50  per  cent 
protein  would  have  as  a  means  of  its  disposal  a  possibility  of  its 
sale  as  a  fertilizer  on  account  of  its  high  nitrogen  content. 
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OCCURRENCE  OF  EUPHORBIA  LORIFOLIA  AND 
TAPPING  EXPERIMENTS. 

BY 

W.  A.  ANDERSON. 

In  February,  1912,  announcement  was  made  of  the  discovery 
on  Hawaii,  by  Mr.  J.  F.  Rock,  of  a  forest  of  native  trees  be- 
longing to  the  Euphorbiaceae.  The  yield  of  latex  from  these 
trees,  as  reported  by  Mr.  Rock,  was  so  large  as  to  invite  further 
investigation  with  a  view  to  determining  their  commercial  pos- 
sibilities as  rubber  producers.  The  writer  visited  the  forest  in 
May  for  the  purpose  of  securing  latex  samples,  and  of  observ- 
ing the  adaptability  of  the  trees  for  tapping,  and  the  possibility 
of  adding  them  to  the  varieties  now  being  cultivated  in  the  Ter- 
ritory for  rubber. 

The  trees  are  growing  among  other  forest  growth  on  several 
thousand  acres  of  Government  land  under  lease  to  the  Puuwaa- 
waa  Ranch,  in  the  Kona  District,  Island  of  Hawaii.  They  are 
said  to  occur  elsewhere,  notably  at  Kukaiau  where  they  are 
known  by  the  Hawaiian  name  of  "Koko"  (bloody  or  juicy 
tree.)  They  were  found  at  an  elevation  of  about  3,000  feet,  in 
very  thin  a-a  soil  with  frequent  out-croppings  of  pahoehoe 
The  trees  large  enough  for  tapping  are  distributed  at  irregular 
intervals  among  other  trees.  The  ground  is  covered  with  seed- 
lings one  to  six  or  eight  feet  high,  mostly  of  the  Euphorbia 
trees,  forming  an  immense  nursery.  There  is  very  little  under- 
growth beside  these  seedlings.  Many  of  these  have  been  eaten 
off  at  the  top  by  cattle,  and  have  started  growing  again  from 
eyes  along  the  stems.  The  region  is  very  dry,  with  a  precipi- 
tation of  not  over  twenty  inches  per  year.  At  the  time  of  the 
visit,  at  the  end  of  what  is  usually  the  rainy  season,  only  one 
inch  of  rain  had  fallen  in  five  months.  At  this  time  the  trees 
were  putting  forth  new  leaves,  and  appeared  to  be  just  entering 
on  the  summer's  growth.  This  was  taken  to  indicate  ability  to 
survive  severe  drouths. 

The  normal  size  of  mature  trees  cannot  be  judged  from  the 
present  forest.  No  large  trees  were  seen,  the  largest  being  not 
over  ten  inches  in  diameter.  A  number  of  dead  and  dying  trees 
no  larger  than  this   were  noticed.     But  no  conclusion  can  be 
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drawn  from  this  as  to  the  size  they  might  attain  under  favor- 
able conditions.  The  thin  soil,  frequent  severe  drouths,  and  the 
cattle,  combined,  may  have  prevented  the  trees  reaching  full 
maturity. 

To  get  further  information  on  this  subject,  as  well  as  to 
determine  their  adaptability  to  different  conditions,  a  number  of 
the  seedlings  were  taken  to  Nahiku,  and  planted  at  the  sub- 
station in  deep,  cultivated  soil,  at  an  elevation  of  about  700  feet, 
with  a  rainfall  of  over  100  inches  per  year.  These  started 
growing  immediately  and  at  the  end  of  one  month  some  had 
grown  three  inches.  They  will  furnish  material  for  observing 
the  rate  of  growth  under  cultivation,  and  their  suitability  as  a 
plantation  tree. 

TAPPING. 

The  tapping  of  the  forest  presents  no  serious  obstacles.  While 
the  a-a  is  somewhat  difficult  to  walk  rapidly  on,  the  absence 
of  undergrowth,  aside  from  the  seedlings  above  mentioned, 
makes  access  to  the  trees  easy.  In  the  portions  visited,  there 
are  about  50  to  75  mature  trees  per  acre,  at  distances  which, 
while  naturally  irregular,  are  not  too  great  for  successful  tap- 
ping. By  judicious  thinning  of  the  other  forest  trees  and 
allowing  the  seedlings  to  grow  at  proper  intervals  this  irregu- 
larity could  be  gradually  overcome,  and  a  forest  developed  with 
trees  regularly  spaced  and  at  any  desired  distance  apart. 

Some  of  the  trees  had  been  tapped  in  February.  Those  which 
had  been  tapped  by  a  series  of  diagonal  incisions,  a  foot  or  so 
apart,  had  apparently  suffered  little  injury.  Some  of  these  were 
tapped  again  May  28th  and  the  flow  was  about  the  same  as  in 
February.  This  would  indicate  that  they  can  be  tapped  as  often 
as  once  in  three  months.  They  cannot  be  tapped  every  day. 
Each  incision  draws  the  latex  for  several  inches  from  the  cut, 
and  tapping  on  the  following  day  gives  little  flow. 

The  latex  flows  very  freely  and  in  large  quantities.  It  spurts 
out  apparently  under  considerable  pressure,  and  flows  rapidly 
for  a  few  seconds,  after  which  it  flows  more  slowly  for  about  a 
half  hour.  From  the  first  six  trees,  tapped  in  the  forenoon, 
about  two  and  one-half  pounds  of  latex  was  obtained.  Other 
trees,  tapped  in  the  afternoon,  gave  a  much  smaller  yield.  The 
latex  is  very  sticky  and  resinous.  Where  it  had  dried  on  the 
tree  since  the   February  tapping,   it   resembled   spruce   gum   in 
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appearance,  feel  and  taste.  It  has  an  acid  reaction  as  it  comes 
from  the  tree,  but  shows  no  tendency  to  coagulate  in  bulk. 
Considering  the  fact  that  the  trees  were  tapped  when  the  foliage 
was  very  light,  during  a  drouth  which  had  lasted  for  five 
months,  and  near  the  middle  of  a  bright,  sunny  day,  the  yield  of 
latex  was  very  large. 

The  conclusions  drawn  from  the  observation  of  this  forest 
are:  That  the  trees  will  grow  on  very  thin  soil,  at  high  ele- 
vations, with  small  rainfall,  and  will  live  and  yield  large  quanti- 
ties of  latex  through  long  and  severe  drouths;  that  they  re- 
produce freely,  and  the  seedlings  are  very  hardy;  that  they  can 
be  tapped  much  like  the  Castilloa  tree,  and  about  as  often;  and 
that  this  particular  forest  furnishes  an  excellent  opportunity  for 
proving  the  value  of  the  tree  as  a  rubber  producer,  providing, 
as  it  does,  trees  large  enough  for  tapping,  and  near  enough  to- 
gether, and  in  large  enough  numbers  to  tap  economically. 

Tapped  by  the  full  herring  bone  system,  with  U  shaped  ex- 
cisions supplemented  by  incisions  in  the  bottom  of  these  cuts, 
as  is  done  on  some  Mexican  Castilloa  plantations,  one  experi- 
enced man,  on  reasonably  even  ground,  can  tap  about  200  trees 
per  day.  With  an  average  yield  of,  say,  one  half  that  reported 
for  the  six  trees  mentioned  above,  one  man  could  thus  collect 
41  2-3  pounds  of  latex  in  one  day's  work.  The  profitableness  of 
the  operation  then  depends  on  the  amount  of  commercial  ma- 
terial in  the  latex,  the  cost  of  getting  it  out,  and  its  market 
value.  The  latex  obtained  was  forwarded  to  the  Station  at 
Honolulu  for  coagulation  and  analysis. 
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DIFFICULTIES  IN  DRAINAGE  AND  AERATION. 

One  of  the  chief  problems  in  successful  farming  in  Hawaii 
is  the  maintenance  of  the  proper  physical  condition  of  the  soil. 
Many  soils  are  extremely  heavy,  being  composed  of  fine  clay  and 
silt.  Such  soils  are  easily  puddled  and  compacted,  thus  becom- 
ing relatively  impervious  to  air  and  water.^  While  there  is 
rarely,  if  ever,  a  true  hardpan  underneath  the  ordinary  cultivat- 
ed surface  of  Hawaiian  soils,  the  soil  beneath  the  depth  to  which 
cultivation  is  ordinarily  practiced  soon  becomes  fully  as  hard 
and  impervious  as  the  hardpans  which  have  given  so  much 
trouble  in  California,  the  Southern  States  and  other  parts  of  the 
mainland.  This  sort  of  hardpan  which  is  really  a  mere  com- 
pacting of  the  soil  from  the  combined  effects  of  moisture  and 
pressure,  is  observed  in  a  large  proportion  of  the  gardens  and 
cultivated  fields  in  Hawaii.  No  matter  how  deep  the  soil  may 
be  plowed  nor  how  thoroughly  it  may  be  harrowed  or  pulver- 
ized before  planting,  a  layer  of  compact  soil  is  soon  formed  just 
below  the  depth  to  which  the  cultivator  may  reach.  '  This  com- 
pacting becomes  more  pronounced  as  time  goes  on  until  in  fields 
upon  which  are  grown  such  crops  as -pineapples  th^  iQw^r  layers 
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of  the  soil  are  altogether  too  firm  for  the  best  root  growth  or 
for  the  penetration  of  air  or  water  long  before  the  first  crop 
reaches  maturity.  Since  it  is  the  ordinary  custom  to  take  one 
or  two  rattoon  crops  from  the  same  field,  the  soil  naturally  be- 
comes more  and  more  unsuited  to  the  best  growth  of  the  rat- 
toon  crops.  It  is  a  common  matter  of  observation  that  while 
the  upper  two  or  more  inches  of  soil  may  be  perfectly  pulverized 
by  cultivation,  that  part  of  the  soil  which  lies  below  is  firmly 
packed  into  an  impervious  mass  resembling  vulcanized  rubber 
or  dried  putty  in  consistency. 

If  soils  of  this  character  are  carefully  plowed,  the  fresh 
layer  exposed  to  the  air  may  soon  disintegrate  into  granules  and 
may  be  well  pulverized  by  cultivation,  while  the  previously  pul- 
verized layer  now  lying  underneath  soon  returns  to  a  compact- 
ed condition.  If  heavy  rains  occur  the  soil  beneath  takes  on  the 
puddled,  impervious  condition  within  a  short  time  after  plow- 
ing and  thorough  cultivation.  During  the  prevalence  of  long 
periods  of  drought  wide  and  deep  cracks  may  form  by  the  great 
shrinking  of  the  colloidal  matter  in  the  soil.  Cracks  of  this  sort 
form  to  the  depth  of  four  feet  or  more  and  sometimes  to  a 
width  of  three  or  four  inches  unless  careful  cultivation  is  prac- 
ticed. In  soil  which  has  become  packed  together  into  a  solid 
mass  neither  air  nor  water  can  penetrate  deeply  or  at  least  not 
rapidly  enough  for  the  purposes  of  plant  growth.  On  this 
account  great  difficulty  is  experienced  in  irrigation.  While  the 
water-holding  power  of  soils  in  Hawaii  seems  to  be  relatively 
high,  yet  the  impervious  nature  of  these  soils  when  once  com- 
pacted does  not  admit  the  penetration  of  water  at  a  rapid 
enough  rate  to  prevent  the  excessive  loss  of  irrigation  water 
from  the  surface  by  evaporation.  It,  therefore,  comes  about 
that  in  times  of  heavy  rain  the  surface  of  the  soil  is  over-saturat- 
ed with  water  and  superficial  drainage  must  be  provided  to  pre- 
vent erosion  of  the  soil  and  also  to  prevent  the  exclusion  of  the 
air  through  over-saturation  with  water.  Moreover,  when 
drought  occurs  on  the  soils  in  question  the  rise  of  water  from 
below  takes  place  altogether  too  slowly  to  suit  the  demands  of 
the  plant  and  crops  therefore  suffer  from  drought  to  an  undue 
extent. 

One  of  the  most  serious  consequences  of  the  unfavorable 
physical  condition  of  such  soils  is  the  fact  that  the  nitrogen  in 
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the  soils  becomes  unavailable.  Except  where  good  conditions 
for  aeration  are  brought  about,  the  amount  of  nitrogen  in  the 
form  of  either  ammonia  or  nitrate  is  decidedly  small.  In  some 
Hawaiian  soils  the  chemical  state  of  iron  salts  becomes  unfavor- 
able where  proper  aeration  is  impossible.  Another  injurious 
effect  of  improper  aeration  consists  in  the  deterioration  of  the 
physical  structure  of  the  soil  with  special  reference  to  its  lack 
of  granules. 

From  numerous  observations  made  on  soils  in  different 
localities  under  different  crops  it  is  obvious  that  success  in 
farming  depends  to  a  large  extent  upon  the  maintenance  of 
proper  conditions  for  aeration  and  drainage.  Otherwise,  it 
seems  impossible  to  hold  the  nitrogen  in  the  soil  in  an  available 
form  or  to  bring  about  a  suitable  regulation  of  the  water  supply 
or  distribution  of  air  among  the  soil  granules. 

In  attempts  to  overcome  the  troubles  arising  from  the 
presence  of  a  hardpan  underneath  the  cultivated  surface  of  Ha- 
waiian soils,  various  devices  have  been  used.  In  some  of  the 
pineapple  fields  good  results  have  followed  the  use  of  surface 
ditches  which  carry  off  the  surface  water  in  times  of  excessive 
rain  and  thus  prevent  the  soils  from  being  packed  together  as 
firmly  as  would  otherwise  be  the  case.  The  cost  of  ordinary 
drain  tiles,  which  have  to  be  imported  into  Hawaii,  is  rather  too 
great  to  allow  their  economic  use  on  a  large  scale.  There  is 
apparently  no  clay  in  Hawaii  which  can  be  sucessfuUy  used  in 
making  the  ordinary  red  drain  tiling.  Recently  some  attention 
has  been  given  to  the  use  of  cement  tiles,  and  machinery  for 
this  purpose  has  been  brought  from  the  mainland.  It  is  not  yet 
known  how  expensive  cement  tiles  will  be.  A  few  experiments 
have  been  made  with  fairly  satisfactory  results,  using  square 
redwood  drains.  Redwood  will  last  at  least  for  a  number  of 
years  in  the  soil  and  the  expense  for  preparing  such  drains  is 
^ower  than  the  use  of  clay  drain  tiles  even  near  the  factory 
where  they  are  made. 

USE  OF  DYNAMITE. 

On  account  of  the  difficulties  which  have  been  experienced 
in  bringing  about  a  proper  drainage  and  aeration  of  Hawaiian 
soils,  the  station  has  for  a  number  of  years  carried  on  experi- 


merits  in  the  use  of  dynamite.  The  holes  for  receiving  sticks  of 
dynamite  cannot  be  drilled  in  our  heavy  soils  by  the  use  of  an 
ordinary  soil  auger.  In  fact,  even  soil  samples  cannot  be  taken 
by  this  means  in  the  heaviest  soils.  The  best  method  of  making 
holes  for  dynamite  consists  in  driving  an  iron  bar  into  the  soil 
by  means  of  a  heavy  hammer.  The  sticks  of  dynamite  used  for 
this  purpose  are  I14  inches  in  diameter  by  8  inches  in  length. 
The  iron  bar  need  therefore  not  be  more  than  1)^  inches  in 
diameter  and  should  be  about  4  feet  in  length.  A  16-pound 
hammer  is  sufficient  to  drive  the  bar  to  a  depth  of  2^  feet 
with  a  few  vigorous  blows.  The  bar  can  then  be  removed  by 
tapping  a  few  times  on  the  side  to  set  it  loose  from  the  sur- 
rounding soil.  It  may  then  be  drawn  out,  using  some  care  not 
to  allow  loose  soil  to  fall  into  the  hole.  It  is  not  practical  to 
make  holes  for  dynamite  in  this  manner  in  soils  which  are  ex- 
cessively dry  for  the  reason  that  too  much  loose  earth  will  un- 
avoidably fall  into  the  hole  when  the  bar  is  removed. 

The  proper  distance  apart  at  which  the  holes  should  be 
driven  will  depend  somewhat  on  the  nature  of  the  land  to  be 
dynamited.  In  general  it  has  been  found  that  the  cracks  shat- 
tered in  the  soil  by  the  dynamite  explosion  will  meet  across  the 
space  when  the  holes  are  driven  8  or  9  feet  apart  both  ways. 
In  preparing  orchard  land  for  planting,  the  holes. will  naturally 
be  made  at  such  distances  as  it  is  desired  to  plant  the  trees.  A 
few  preliminary  tests  will  determine  whether  a  half  stick  is  suf- 
ficient to  shatter  the  soil  or  whether  a  whole  stick  will  be  re- 
quired. When  the  holes  are  made  9  feet  apart  we  have  gener- 
ally found  it  best  to  use  a  whole  stick.  The  holes  should  be 
firmly  tamped  all  the  way  from  the  stick  of  dynamite  to  the 
surface  of  the  ground  since  otherwise  the  explosion  results  in 
blowing  a  small  quantity  of  soil  high  into  the  air  and  does  not 
shatter  the  underlayers  of  the  soil.  If  the  holes  are  properly 
tamped  the  force  of  the  explosion  is  exercised  almost  entirely 
at  a  considerable  depth  and  shows  little  surface  disturbance. 
Sometimes  the  surface  layer  of  the  soil  is  merely  lifted  a  few 
feet  immediately  over  the  stick  of  dynamite  and  when  this  re- 
sult is  brought  about  the  best  effect  is  obtained  from  the  dyna- 
mite. If  the  bar  is  driven  to  a  depth  of  2^  feet  in  heavy  soils 
the  explosion  commonly  results  in  shattering  cracks  in  ordin- 


ary  soils  to  a  depth  of  about  4  feet  and  extending  to  about  5 
feet  in  all  directions  around  the  charge. 

Where  considerable  areas  are  to  be  prepared  with  dynamite 
the  holes  may  be  driven  in  rows  8  or  9  feet  apart  in  the  row, 
extending  across  the  field.  The  dynamite  is  then  placed  in 
position  with  cap  and  fuse  attached  so  as. to  reach  just  above 
the  surface  of  the  ground.  By  means  of  a  gasolene  blast  torch 
one  man  can  touch  off  3  or  4  rows  of  dynamite  fuse  and  keep 
out  of  harm's  way. 

For  tree  planting  dynamite  is  confidently  recommended 
as  the  best  method  of  preparing  the  soil.  Without  the  use  of 
dynamite  it  is  necessary  to  dig  the  hole  at  least  3  feet  in  dia- 
meter and  to  a  depth  of  2  feet.  In  heavy  soils  this  will  require 
the  labor  of  a  man  for  about  one  hour.  If  the  hole  thus  prepared 
is  filled  with  loose  soil  and  the  tree  planted  in  it  the  tree  may 
thrive  for  a  year  or  two  but  the  roots  soon  meet  with  the  smootli 
and  compacted  surfaces  at  the  edge  of  the  hole  through  which 
the  roots  have  great  difficulty  in  penetrating.  The  tree  is,  in  fact, 
in  about  the  same  situation  as  if  it  had  been  planted  in  a  large 
tub.  Where  dynamite  is  used,  however,  cracks  are  formed  in 
the  soil  to  greater  depths  than  would  be  reached  by  hand  digging 
and  to  a  distance  of  five  or  sometimes  six  feet  on  all  sides, 
and  the  best  conditions  are  thus  furnished  for  the  continued 
growth  of  the  tree.  The  use  of  dynamite  may,  therefore,  be 
recommended  in  planting  papayas,  avocados,  mangos,  bananas 
and  other  orchard  fruits. 

Little  experience  has  been  had  in  Hawaii  in  the  use  of  dyna- 
mite for  draining  swampy  places.  In  most  localities  where 
heavy  rainfall  occurs  the  soil  is  underlain  with  loose  porous  rock 
to  such  an  extent  that  almost  no  running  or  standing  water  is  to 
be  seen.  In  a  few  cases,  however,  where  small  swamps  were 
formed,  dynamite  was  used  with  beneficial  results,  the  water  dis- 
appearing through  the  deep  cracks  formed  by  the  explosion. 

For  most  purposes  considered  in  this  connection  a  low  grade 
dynamite  is  preferable  to  a  high  grade  powder.  In  the  experi- 
ments at  the  station  a  25  per  cent  dynamite  especially  designed 
for  plowing  and  soil  preparation  has  been  used.  The  explosion 
of  this  grade  of  dynamite  is,  of  course,  slower  than  that  from 


higher  grades  and  the  force  of  the  explosion  is  much  more  large- 
ly used  up  in  shattering  the  lower  layers  of  soil.  The  brands 
of  high  grade  dynamite  cause  too  much  surface  disturbance  and 
do  not  produce  so  many  nor  so  deep  cracks  in  lower  layers  of 
the  soil  and  sub-soil.  As  indicated  above  when  the  low  grade 
dynamite  is  used  and  the  holes  properly  tamped  there  should 
be  little  disturbance  on  the  surface  and  the  clods  of  earth  should 
not  be  throw  up  more  than  a  few  feet. 

According  to  the  experiments  carried  on  thus  far^  it  appears 
that  the  cost  of  the  dynamite,  caps,  fuse  and  labor  amounts  to 
about  3  cents  per  hole.  If  holes  are  driven  8x8  feet  apart  the 
cost  per  acre  will  therefore  be  |20.40;  9x9,  $16.10;  10x10, 
$13.05;  20x20,  $3.25.  The  last  spacing  named  would  be  about 
the  one  used  in  planting  orchard  trees.  In  reference  to  the  use 
of  dynamite  in  farming  operations,  the  phrase  ''plowing  with 
dynamite"  is  frequently  used.  Even  if  the  holes  are  driven  not 
more  than  8  feet  apart  both  ways,  the  soil  is  not  actually  plowed 
but  is  simply  loosened  to  a  depth  far  below  that  of  ordinary 
plowing.  The  ordinary  plowing  and  harrowing  operations  must 
therefore  be  performed  in  addition  to  dynamiting. 

The  use  of  dynamite  in  preparing  the  soil  is  to  be  consid- 
ered as  in  the  nature  of  a  special  treatment  to  provide  for  deep 
drainage  at  relatively  long  intervals.  It  is  impossible  to  say  how 
long  the  deep  cracks  shattered  by  dynamite  will  remain  effective 
in  Hawaiian  soils.  In  various  localities  in  the  Southern  States 
where  dynamiting  has  been  practiced  longest,  it  has  been  found 
that  the  effect  of  dynamiting  persists  for  about  10  years.  If  the 
cost  of  dynamiting  does  not  exceed  $25  per  acre  it  will  thus  be 
seen  that  this  special  method  of  preparation  is  a  profitable  in- 
vestment from  the  standpoint  of  the  physical  condition  brought 
about  in  the  soil  and  the  consequent  increase  in  crop  yield. 

The  formation  of  deep  cracks  in  the  soil  is  beneficial  in  im- 
proving the  drainage  possibilities.  More  water  can  be  held  in 
the  soil  by  reason  of  this  additional  depth  of  soil  spaces  and  the 
movement  of  water  takes  place  more  rapidly  both  downward 
during  rains  and  upward  in  time  of  drought.  In  some  cases  an 
actual  pocket  is  formed  by  the  explosion  of  the  stick  of  dyna- 


mite,  while  from  this  pocket  numerous  cracks  radiate  in  various 
directions.  So  far  as  observations  have  been  made,  the  bene- 
ficial effects  from  the  use  of  dynamite  are  apparent  in  the 
growth  of  trees  and  other  crops.  As  already  stated,  however, 
these  observations  have  not  been  carried  on  for  more  than 
three  or  four  years  on  Hawaiian  soils. 
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COMMERCIAL  IMPORTANCE  OF  KUKUI  OIL. 

BY   E.  V.   WILCOX. 

Kukui,  (Aleurites  triloba,  or  A.  moluccana),  is  generally  dis- 
tributed throughout  Polynesia,  Malaysia,  Philippines,  Society 
Islands,  India,  Java,  Australia,  Ceylon,  Bengal,  Assam,  China, 
Tahiti  and  Hawaii.  It  has  been  introduced  into  the  West  Indies, 
Brazil,  Florida  and  elsewhere.  The  tree  has  wide-spreading 
branches,  attains  a  height  of  40  to  60  feet,  and  is  characterized 
by  large,  irregularly  lobed  leaves  of  a  pale  green  color,  and  nuts 
about  two  inches  in  diameter  containing  one  or  two  seeds.  In 
Hawaii  kukui  is  common  on  all  the  islands,  being  the  dominant 
native  tree  of  the  lower  mountain  zone  and  easily  recognizable 
at  a  distance  by  the  pale  color  of  its  leaves. 

The  oil  expressed  from  the  kernel  of  the  nut  is  known  in 
different  countries  as  kukui  oil,  country  walnut  oil,  kekune  oil, 
artists'  oil,  Bankul  oil,  Eboc  oil,  candle  nut  oil,  Spanish  walnut 
oil,  Belgaum  oil,  etc.  The  oil  has  found  use  for  a  variety  of  pur- 
poses. The  Hawaiians  strung  the  nuts  together  on  sticks  and 
used  them  for  lighting  their  houses.  The  natural  candles  thus 
produced  gave  rise  to  the  name  candle-nut.  In  an  examination 
by  -the  Imperial  Institute  it  was  found  that  "the  oil  belongs  to 
the  class   of   drying  oils  typified  by  linseed  oil,   and  would  be 


suitable  for  the  manufacture  of  soft  soap  and  in  the  preparation 
of  oil-varnishes,  paints,  linoleum  and  other  similar  purposes".^ 
Guthrie  and  Ramsay  state:  "It  is  a  drying  oil  and  is  used 
in  the  arts  for  the  same  purposes  as  linseed  oil,  and  for  burning. 
Its  drying  power  is  quite  as  high  as  that  of  linseed  oil,  and  it 
may  be  used  for  all  purposes  for  which  the  latter  is  used, 
namely  in  the  manufacture  of  oil-colors,  lacquers,  and  varnishes, 
and  for  soap  making.  It  is  used  medicinally  as  a  plaster,  and 
as  an  article  of  diet — as  olive  oil  is  used."^  Both  the  oil  and  the 
cake  are  cathartic  and  have  been  used  for  the  purpose  in  medi- 
cine. The  cathartic  effect  is  rediiced  by  subjecting  the  nuts  to 
heat.  Kukui  oil  has  been  used  in  China  for  oiling  paper,  as 
China  wood  oil  is  used.  As  a  wood-preservative  kukui  oil  has 
given  good  results  in  China  and  in  Hawaii  both  on  the  hulls  of 
sailing  vessels  and  on  buildings.  Thrum,,  referring  to  kukui  oil 
in  Hawaii  says:  ''The  last  use,  to  our  knowledge,  made  of  it 
in  house  painting  here  was  at  the  construction  of  the  Judd 
building,  about  1855,  by  R.  Gilliland,  who  is  said  to  have  made 
the  statement  that  it  was  good  for  fifteen  or  twenty  years''.^ 

As  is  well  known  to  the  old  residents  of  Hawaii,  there  was 
once  an  industry  of  quite  respectable  proportions  in  kukui  oil, 
exported  from  Hawaii.  The  exportation  amounted  to  as  much 
as  8,000  to  10,000  gallons  of  oil  per  year,  the  greatest  produc- 
tion of  kukui  oil  having  occurred  from  1840  to  1850.  The  oil 
even  at  that  date  was  valued  at  50  cents  per  gallon.  It  is  re- 
ported that  in  1857  a  native  woman  in  Palolo  valley  expressed 
kukui  oil  at  the  rate  of  140  gallons  per  month  with  a  crude  hand- 
made lever  press,  the  nuts  having  been  previously  roasted  or 
boiled  in  oil  to  facilitate  extraction. 

It  is  quite  impossible  to  estimate  even  approximately  the 
quantity  of  kukui  nuts  which  could  be  collected  annually  in 
Hawaii.  Every  one  knows  that  the  ground  under  kukui  trees 
is  literally  covered  with  nuts  of  which  few  are  used  for  any  pur- 
])ose  at  present,  except  in  very  small  quantities  in  the  prepara- 
tion of  a  native  relish  and  occasionally  for  fuel.  According  to 
our  experiments  in  the  laboratory  it  would  require  210  tons  of 
nuts  to  produce  10,000  gallons-  of  oil  weighing  7.36  pounds  per 
gallon  or  73,600  pounds  in  all. 

With  regard  to  the  total  area  of  kukui  in  Hawaii  we  have 
obtained  the  estimates  of  various  individuals  who  are  personally 
familiar  with  forest  conditions  in  Hawaii.  Their  estimates  range 
from  10,000  to  40,000  acres.  We  may  probably  assume  15,000 
acres  as  a  safe  estimate.  "  At  the  rate  of  80  trees  per  acre  and 

1.  Bun.  Imp.  Inst.   5    (1907)   P.  136. 

2.  Agric.  Gaz.  N.  S.  Wales  17   (1906)   P.  859. 

3.  Hawaiian  Annual  1893  P.  107. 


200  pounds  of  nuts  per  tree,  there  would  be  a  yield  of  eight 
tons  of  nuts  per  acre.  It  has  been  found  that  algaroba  yields 
from  two  to  fourteen  tons  of  beans  per  acre.  A  good  stand  of 
kukui  will  give  a  larger  product  per  acre,  and  a  conservative 
estimate  would  be  five  tons  of  nuts.  On  15^000  acres  the  an- 
nual crop  of  nuts  would  thus  be  75,000  tons.  If  we  assume  that 
not  more  than  10,000  acres  of  this  area  are  readily  accessible 
the  yield  would  be  50,000  tonS;  which  would  produce  2,375,000 
gallons  of  oil.  In  1911  the  importation  of  Chinese  wood  oil 
into  the  United  States  amounted  to  5,800,000  gallons,  and  a 
buyer  in  New  York  stated  that  his  firm  alone  could  have  used 
an  additional  500,000  gallons. 

Chinese  wood  oil  obtained  from  the  nuts  of  Alciirites  cordata 
and  A.  fordii  has  been  imported  into  Europe  for  the  last  twenty- 
five  years  and  into  the  United  States  for  fifteen  years.  It  finds 
its  chief  use  in  the  manufacture  of  varnish,  for  which  it  is  more 
and  more  in  demand.  The  oil  has  a  specific  gravity  of  .94  and 
dries  more  quickly  than  any  other  known  oil.  In  this  regard 
kukui  oil  stands  between  Chinese  wood  oil  and  linseed  oil. 
Chinese  wood  oil  is  sold  by  the  pound  and  the  price  during  the 
past  fifteen  years  has  ranged  between  Gyi  and  12^  cents,  be- 
ing 9  cents  in  December,  1912.  In  experiments  at  this  Station 
the  kernels  of  fresh  nuts  contained  27.1  per  cent  of  oil,  the 
whole  nut  being  14.1  per  cent  oil.  The  tree  has  been  introduced 
into  Hawaii  and  the  southern  states  of  the  mainland,  but  no 
estimates  can  be  made  at  present  on  the  possible  yield  of  oil. 

Kukui  oil  has  been  shipped  from  various  islands  of  the  Pacific 
to  the  United  States  for  the  past  75  years  for  use  in  making 
soap,  paint,  varnish  and  artists  oil.  The  market  price  is  the 
same  or  slightly  higher  than  that  of  linseed  oil  and  varies  with 
the  price  of  the  latter.  Kukui  oil  can  replace  linseed  oil  for  all 
purposes,  but  dries  more  quickly.  According-  to  Andes  it  dries 
four  hours  sooner  than  linseed  oil.^ 

The  kukui  is  a  tree  which  is  practically  free  from  serious  in- 
sect pests  or  fungous  diseases,  and  bears  an  annual  crop  of  nuts 
without  fail.  The  nuts  mature  in  summer  during  school  vaca- 
tion, when  children  as  well  as  men  and  women  can  engage  in 
collecting  them.  The  difficulties  in  collecting  the  crop  are  no 
greater  than  those  which  have  been  met  and  overcome  in  the 
algaroba  meal  industry.  To  secure  a  large  part  of  the  crop  at 
a  central  oil  mill  it  is  merely  necessary  to  offer  a  reasonable 
price  per  hundred  pounds  for  the  nuts. 

It  will  probably  require  one  season  of  practical  experience  to 
arrive  at  a  working  basis  for  collecting  the  nuts.  We  have  at- 
tempted to  gather  data  which  would  give  a  hint  of  the  price 

1.     Vegetable  fats  and  oils  1902  pp.  174-176. 


which  can  be  paid  for  the  nuts,  a  price  which  will  give  an  at- 
tractive wage  to  the  collector  and  leave  a  reasonable  proht  to 
the  oil  mill  From  our  experiments  it  appears  easy  for  a  man, 
woman  or  child  to  pick  up  500  pounds  of  nuts  per  day.  The 
nuts  are  of  course  to  be  gathered  free  from  the  soft  outside 
husk.  Only  an  extremely  small  percentage  of  the  nuts  spoil  or 
turn  rancid  even  after  lying  two  years  on  the  ground.  The 
spoiled  nuts  float  in  water  and  may  thus  be  easily  separated 
from  the  sound  ones.  At  30  cents  per  100  pounds  the  laborer 
would  receive  $1.50  for  500  pounds,  a  day's  work.  The  average 
oil  content  of  the  meat  or  kernel  is  65  per  cent.  The  kernel 
equals  30  per  cent  of  the  weight  of  the  nut.  About  19.5  per 
cent  of  the  nut  is  therefore  oil.  In  the  Sunda  Isles,  where  kukui 
oil  is  an  important  article  of  export,  experim.ents  have  shown 
that  90  per  cent  of  the  oil  is  obtained  by  commercial  methods 
through  the  use  of  presses.^  The  oil  recoverable  by  commercial 
methods  would  thus  amount  to  17.5  per  cent  of  the  weight  of 
the  nuts.  From  100  pounds  of  nuts  17.5  pounds  of  oil  would 
be  obtained,  or  a  value  of  $1.75  at  10  cents  per  pound.  During 
the  fiscal  year  ending  June  30,  1911,  nearly  50,000  gallons  of 
linseed  oil  was  imported  into  Hawaii,  valued  at  $49,127.  Kukui 
oil  would  make  this  importation  unnecessary. 

Langeron  found  that  100  Kg.  of  kukui  nuts  contained  33  Kg. 
of  knernels ;  that  100  Kg.  of  kernels  yielded  66  liters  of  oil ;  and 
that  100  liters  of  oil  weighed  91  Kg.  In  another  test  224  pounds 
of  kernels  yielded  50  quarts  of  oil.  Frick^  at  a  meeting  of  the 
Royal  Hawaiian  Agricultural  Society  exhibited  six  vials  of 
kukui  oil  prepared  in  different  ways  and  possessing  different 
colors  and  properties.  He  stated  that  the  oil  could  be  sold  with 
profit  at  50  cents  per  gallon. 

Kukui  oil  may  be  obtained  by  grinding  the  kernels  and  apply- 
ing pressure  with  or  without  previous  roasting  of  the  nuts. 
The  color  of  the  oil  is  lighter  if  no  heat  is  used,  but  the  oil 
is  more  easily  expressed  after  heating.  Mr.  W.  A.  Anderson  of 
Hana,  Maui,  ran  a  quantity  of  nuts  through  the  steel  rollers 
of  a  rubber  mangier.  The  resulting  oil  has  a  wine  color,  de- 
rived from  the  husk  of  the  nut.  The  oil  is  naturally  of  a  light 
straw  color.  The  most  economic  and  efficient  method  of  grind- 
ing the  nuts  and  the  most  suitable  kind  of  press  to  be  used, 
will  naturally,  have  to  be  determined  by  the  manager  or  engineer 
of  the  company  that  may  engage  in  manufacturing  kukui  oil. 
Apparently  the  oil  can  not  be  obtained  by  boiling  the  ground  nuts 
in  water,  for  the  oil  is  thereby  completely  emulsified  and  can  not 

1.  Semler,  Die  tropische  Agrikultur,  Vol.   2,   P.    517. 

2.  Trans.   Roy.   Haw.  Agric.  Soc.   2    (1856)    pp.   101-103. 


be  set  free  by  tbe  use  of  a  centrifuge.  Tbe  oil  has  been  success- 
fully extracted,  however,  by  boiling  the  nuts  in  oil. 

A  miscroscopic  examination  of  the  kernel  of  a  kukui  nut  shows 
tlie  usual  structure  of  oil  seeds,  such  as  the  castor  bean.  The 
cells  contain  no  free  water  or  cell  sap,  but  are  filled  with  free 
oil  and  typical  aleurone  grains.  The  latter  account  for  the  high 
percentage  of  protein  in  the  press  cake.  Occasionally  clusters  of 
crystals  of  calcium  oxalate  are  observed  in  the  cell  structure  of 
the  kernels.  No  trace  of  starch  could  be  found  even  in  im- 
mature nuts.  Iodine  also  failed  to  give  the  starch  reaction  in 
the  press-cake. 

When  we  consider  the  constantly  increasing  demand  for  oils 
suitable  for  use  in  making  paints,  varnish  and  soap,  as  well  as 
for  other  purposes,  it  seems  high  time  that  a  company  were  or- 
ganized to  utilize  the  large  quantity  of  kukui  nuts  which  an- 
nually go  to  waste  in  Hawaii.  Not  only  is  the  oil  a  valuable 
product,  demanded  by  the  paint  and  varnish  trade,  but  the  press- 
cake  is  unusually  rich  in  nitrogen,  phosphoric  acid  and  potash. 
It,  therefore,  has  high  value  as  a  fertilizer.  The  chemical  in- 
vestigations reported  in  this  bulletin  were  undertaken  to  fur- 
nish a  basis  upon  which  an  industry  in  producing  kukui  oil 
could  be  established.  Among  firms  which  are  interested  as  pos- 
sible buyers  of  kukui  oil  we  may  mention  Edward  Hill's  Son  & 
Co.,  64  Wall  St.,  New  York  City.  The  Glidden  Varnish  Co., 
Cleveland,  Ohio,  and  A.  M.  Parks  Co.,  Bourse  Building,  Phila- 
delphia. 


CHEMISTRY  OF  KUKUI  OIL 

BY    ALICE    R.    THOMPSON. 

Kukui  oil,  commonly  known  as  candle  nut  oil,  belongs  to  the 
class  of  drying  oils,  valuable  therefore  as  a  paint  and  varnish 
oil.  It  is  also  used  for  soap  making  and  is  a  good  illuminating 
oil.  It  is  produced  in  large  quantities  in  Australia,  China,  New 
Zealand  and  the  Fiji  Islands^  and  is  exported  to  America  and 
Europe  in  ever  increasing  shipments. 

When  extracted  from  the  crushed  kernel  by  ether  or  petro- 
leum, the  oil  is  light  yellow  in  color,  with  a  specific  gravity  of 
0.92.  When  expressed,  the  oil  may  be  dark  colored  due  to  im- 
13urities.^    It  dries  in  thin  films  on  standing  several  days. 

At  this  Station,  a  sample  of  oil  was  extracted  by  gasoline  from 
the  crushed  kernels;  the  gasoline  removed  by  evaporation  and 
an  analysis  made  on  the  oil  to  determine  its  chemical  and  physi- 
cal properties.     The  values  are  as  follows: 

1.     Bull.   Imp.   Inst.   1907,   5,   P.   135,   136. 
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Specific  Gravity .92  at  15.5°  C. 

Saponification  Value   179. 1 

lodin  Number    155.5 

Hehner   Value    89.9 

Soluble  Acids   1.71 

Reichert  Meissl   Number    .  2.82 

The  fatty  acids  congealed  to  a  pasty  mass  between  18°  and 
20°  C.  The  oil  itself  was  still  fluid  at— 3°  C.  Fendler^  found 
the  congealing  point  of  candle  nut  oil  to  be  — 15°  C.  The  oil 
was  soluble  in  ether,  petroleum  ether  and  slightly  soluble  in 
alcohol.     Concentrated  sulphuric  acid  colored  it  dark  brown. 

The  drying  property  of  the  oil  is  indicated  by  the  high  lodin 
Value.  Linseed  oil  which  is  a  fine  drying  oil  has  an  lodin 
Value  of  170-181'\ 

A  sample  of  oil  expressed  from  kukui  nut  was  sent  by  Mr. 
Anderson  to  this  laboratory.  The  oil  was  in  a  crude  state,  con- 
taining suspended  matter,  and  had  a  dark  red  color.  This  oil 
had  the  following  values : 

Specific  Gravity .92  at  15.5°  C. 

Saponification  Value    ....    190.2 

lodin    Number 164.2 

In  the  following  table  are  given  the  values  found  by  chemists 
in  the  oil  of  Aleurites  moluccana  obtained  in  other  parts  of  the 
world. 

12  3  4                  5 

Specific  Gravity  at  15°  C.  .925.            920-    .926  .925  .925           .924 

Acid    Value     1.72  .97  0.5 

Saponification    Value...  204.2           184    -   187.4  192.6  194.8         189.5 

lodin  Value    139.7    '       136. 3-139. B  163.7  114.2           152.8 

Hehner    Value     96.4  95.5  95.2 

Volatile    Acids    1.98  1.2 

Titer     17.8 

Butyro-refractometer          76-75 .  5  (15°  C)  76(25°  C 

1.  Imperial  Institute,  Bull.. of  the  Imperial  Inst.  Vol.  V  (1907)  p  135-136. 

2.  De  Negri,  Jour.  Soc.  Chem.  Ind.   20   (1901)   p  909. 

3.  Lewkowitsch,   .Tour.   Soc.  Chem.   Ind.    20    (1901)    p.  909. 

4.  G.    Fendler,    Jour.    Soc.   Chem.    Ind.    23    (1904)    p.    613. 

5.  Kassler,   Jour.   Soc.   Chem.   Ind.    22    (1903)   p   639. 

The  values  vary  to  some  extent  in  these  analyses;  neverthe- 
less, the  general  characteristic  of  high  lodin  Value  and  Saponi- 
fication extends  throughout. 

CONSTITUENTS    OF    THE    KUKUI    KERNEL. 

Several  samples  of  nuts  were  obtained  and  the  fat  especially 
determined  in  the  kernels.  The  fat  content  appears  to  vary  but 
a  few  per  cent  in  the  kernels  of  nuts  a  year  old  or  fresh.  The 
fresh  nuts  naturally  contain  more  moisture. 

2.  Jour.   Soc.  Chem.   Ind.   23    (1907)   P  613. 

3.  Commercial  Org.  Analysis — Allen,  Vol.  II,  Pt.   1,  p.  97. 
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1 

year  old  nuts. 

Fresh  nuts. 

Immature 

per  cent. 

per  cent. 

nuts  p.  c. 

Moisture 

3.55 
65.00 

7.14 
66.25 

13.39 

Fat    .... 

56.7 

Ash    .... 

3.56 

3.05 

Protein   .  . 

18.75 

19.88 

Fiber  . . . 

2.14 

1.39 

Nitrogen 

free 

extract 

by  difiference 

7.00 

2.29 

100.00  100.00 

The  fiber  and  the  ash  are  very  low,  the  principal  constituents 
being  fat  and  protein.  It  is  of  interest  to  note  in  this  oil  seed 
the  small  percentage  of  hydrolyzable  carbohydrates  (only  1.40 
per  cent  by  analysis).  A  qualitative  test  showed  the  absence  of 
starch  in  the  kernel.  The  quantity  of  fat,  if  calculated  to  the 
water  free  basis  is  quite  constant  in  the  three  samples. 

Analyses  made  of  the  kernels  of  this  same  nut,  Aleurites 
moluccana,  by  various  chemists  are  given  in  the  table  below. 

1  2 

Per  Cent  Per  Cent. 

Water    5.00  8.23 

Oil    62.175  59.93 

Protein    22.653  8.04 

Nitrogen  free  extract 6.827  17.62 

Ash    3.345  3.56 

Fiber    2.62 


100.00  100.00 


1.  H.  Semler — Die  Tropische  Agrikultur  Vol.   2,  p  515. 

2.  N.   S.  Wales — Agri.   Gazette   17    (1906)    p   859. 

G.  de  Negri^  extracted  62.25  per  cent  fat  by  ether  extraction. 
At  the  Imperial  Institute,  60.8  per  cent  oil  was  extracted  from 
the  kernels  by  means  of  light  petroleum.  In  all  the  analyses,  the 
fat  and  protein  content  are  high.  The  mineral  constituents  of 
the  kernel  were  also  determined  as  shown  in  the  following  table : 

Mttg  O4 03  per  cent 

CaO       17     -       - 

Mg  O      60     "       '' 

P2  O,      1.59    "       " 

K,  6       75     "      " 

On  extraction  of  the  oil  these  constituents^  increase  in  propor- 
tion to  the  dry  matter.     The  residue  contains,  therefore,  large 

1.     Jour.   Soc.   Chem.  Ind.   17    (1898)   p   931. 
2-     Bull.  Imp.  Inst.  Local  Cit. 
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amounts  of  piiosphoric  acid  potash  and  nitrogen,  all  valuable  as 
fertilizing  ingredients.  Analysis  of  the  residue  of  ground  up 
kernels  extracted  with  ether  for  two  days  is  as  follows: 

Moisture     2.42  per  cent 

P,  O,        2.79     "       '' 

K^  O        2.77     "      " 

Protein       53.75     ''       '' 

Press  cake  obtained  commercially  by  expressing  the  oil  from 
kukui  nuts  would  compare  favorably  with  the  residue,  as  most 
of  the  oil  can  be  expressed.  According  to  an  article  in  the  Agri- 
cultural Gazette^  55  per  cent  oil  can  be  obtained  from  kernels 
containing  60  per  cent.  Analyses  of  press  cake  made  elsewhere 
shows  it  to  be  valuable  as  a  fertilizer. 

ANALYSES  OF  PRESS  CAKE. 

1  2 

Per  Cent  Per  cent. 

Oil  8.8  5.5 

Moisture   10.00  10.25 

Ash   8.28 

Protein   46.16  47.81 

Fiber 1-47 

P,  O, 4.39  3.68 

<  O      1.95  1.53 

Mg&  Ca 7.19 


1.  Lewkowitsch  Jour.   Soc.  Chem.  Ind.   20    (1901)    p   909. 

2.  H.  Semler — Die  Tropische  Agrik.  Vol.  2  p  515. 

Press  cake  cannot  be  used  as  a  fodder  in  spite  of  its  apparent 
food  value  as  it  has  a  poisonous  effect  upon  stock. ^ 

The  proportions  of  fat  to  kernel  and  whole  nut  were  deter- 
mined in  several  samples.  In  a  sample  one  year  old  in  which 
the  fleshy  husk  that  covers  the  shell  when  the  nut  is  green,  had 
decayed  away,  the  kernel  weighed  31.5  per  cent  of  the  hard  nut. 
As  the  fat  content  of  the  kernel  was  65  per  cent,  the  fat  content 
of  the  nut  minus  the  husk,  averaged  about  20  per  cent. 

In  a  sample  of  fresh  nuts,  the  kernel  was  29.3  per  cent  of  the 
nut  minus  the  husk  and  12.1  per  cent  of  the  nut  with  the  husk 
on.  The  fat  content  of  the  kernel  was  about  66  per  cent.  It 
was  therefore  about  8  per  cent  of  the  nut  with  the  husk  on  and 
about  19.4  per  cent  of  the  hard  nut  minus  the  husk. 

In  another  sample  of  fresh  nuts,  the  kernel  was  12  per  cent 
of  the  nut  with  the  husk  on  and  30.4  per  cent  of  the  hard  nut 
minus  the  husk.  The  kernel  contained  about  57  per  cent  fat. 
The  fat  content  of  the  whole  was  therefore  about  7  per  cent  and 
of  the  nut  minus  the  husk,  about  17  per  cent. 

1.     Agric.  Gaz.  N.  S.  W.— 17   (1906)   p  859. 
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Silos,  Silage  and  Silage  Crops  for  Hawaii. 

By 
C.  K.  McClelland,  Agronomist. 

It  has  been  the  purpose  of  ranch  owners  and  managers  in 
Hawaii  during  recent  years  to  put  the  business  of  beef -produc- 
tion upon  a  sound  and  scientific  basis.  To  accomplish  this  dif- 
ferent methods  were  tried.  Some  have  divided  their  grazing 
areas  into  paddocks  so  that  when  any  one  area  becomes  closely 
cropped  it  is  possible  to  allow  it  to  rest  and  recuperate.  Tame 
grasses  have  been  introduced  and  planted  upon  many  of  the 
ranches  with  varying  degrees  of  success.  Im])roved  pure-bred 
stock  are  in  use  for  breeding,  so  that  the  quality  of  the  produce 
is   being   gradually   improved. 

Yet  when  all  this  has  been  done  there  has  been  found  to  be 
something  still  lacking;  there  is  still  a  weak  spot  in  the  system 
through  which  at  times  irreparable  loss  has  occurred.  The  lands 
in  use  for  ranching  purposes  are,  necessarily,  those  unsuitable 
for  the  production  of  well  paying  cultivated  crops.  Because  of 
high  elevation,  of  rocky  surface,  of  steepness,  or  of  dry  condi- 
tions, these  lands  are  not  arable  and  are  of  value  only  for 
grazing.  Yet  within  the  boundaries  of  each  ranch  there  may 
be  certain  areas  which,  though  limited  in  extent,  are  suitable 
for  the  production  of  tame  forage  at  certain  times  of  the  year. 

The  weak  spot  in  the  system  as  heretofore  managed  has  been 


that  there  would  be  plenty  of  grass  and  forage  at  certain  sea- 
sons when  rains  had  occurred,  but  during  the  dry  seasons  and 
years,  there  would  be  great  scarceness  of  feed  and  often  a  loss 
of  many  head  of  cattle. 

To  tide  over  this  period  of  scarcity  has  been  the  problem  of 
the  ranchmen.  There  seems  to  be  but  two  solutions  to  the 
problem :  namely,  prickly  *  pear  and  silos.  Drought  resistant 
grasses  have  not  been  able  to  accomplish  desired  results.  Al- 
though able  to  hold  on,  these  grasses  do  not  make  sufficient 
forage  during  periods  of  drought.  It  is  the  purpose  here  to 
discuss  only  the  question  of  silos  and  the  use  of  silage  as  a 
means  of  overcoming  this  loss  during  dry  seasons. 

Silage  is  partly  fermented  green  feed.  The  feed  is  placed  in 
airtight  pits  or  structures  when  in  the  green  state  and  contain- 
ing 75-85  per  cent  of  moisture.  The  purpose  of  the  silo  is  to 
retain  the  moisture  and  exclude  the  air.  When  placed  in  the 
silo  the  feed  begins  to  ferment  and  get  hot.  Lactic  acid  and 
other  bacteria,  and  various  yeasts  are  concerned  in  this  heating 
and  fermentation.  At  the  end  of  about  36  hours  the  tempera- 
ture is  quite  high.  However,  complete  fermentation  and  decay 
is  prevented  by  the  exclusion  of  the  air,  and  such  a  result  will 
be  found  at  any  point  where  air  chances  to  enter.  The  bio- 
chemical changes  are  completed  in  about  12  days. 

Silage  is  one  of  the  most  valuable  of  feeds  in  that  it  is  succu- 
lent and  nourishing,  and  available  in  winter  or  during  droughts 
when  other  succulent  feeds  are  unobtainable.  It  is  very  pala- 
table, being  relished  by  all  species  of  domestic  animals  as  soon 
as  accustomed  to  the  feed.  The  composition  of  silage  depends 
largely  upon  the  material  and  mixtures  used  in  filling  and  the 
stage  of  maturity  at  which  they  are  cut. 

Composition  of  Silage} 


Water 

% 


Ash 
% 


Crude 
Protein 

% 


Fibre 

X 


Nitrogen 
free  ex- 
tract % 


Fat 

% 


Corn,  immature   .... 

Corn 

Corn,    ears   removed 

Sorg-hum 

Soybean    

Cowpea 

Corn  and  Soybean    . 

Teosinte 

Prickly  pear2    .    .     . 


79.1 

73.6 

73.7 

76.1 

74.2 

79.3 

76. 

66.8 

94.63 


1.4 

2.1 

1.6 

1.1 

2.8 

2.9 

2.4 

4. 

1 


12 


1.7 
2.7 
2.2 

.8 
4.1 
2.7 
2.5 
2.5 

.71 


6. 
7.8 
6.5 
6.4 
9.7 
6. 
7.2 
12.3 
.57 


11. 

12.9 

15.1 

15.3 

6.9 

7.6 

11.1 

13.6 

3.19 


.8 
.9 
.9 
.  3 

2.2 

1.5 
.8 
.8 
.08 


1.  Henry's  Feeds  and  Feeding. 

2.  Haw.  Agr.  Expt.  Sta.  Bui.  13. 
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It  has  also  a  high  percentage  of  digestibiHty,  the  figures  as 
given  in  the  Annual  Report  of  the  Ontario  Station  for  1906 
being  as  follows:  Protein,  55  per  cent;  fat,  61  per  cent;  nitro- 
gen free  extract,  74  per  cent;  and  crude  fiber,  74  per  cent. 

It  has  a  laxative  effect  when  fed  in  large  amounts,  but  some 
dry  feed  usually  counteracts  this  action.  Cases  are  on  record 
where  moldy  silage  has  caused  the  death  of  horses  with  symp- 
toms similar  to  those  of  cerebro-spinal  meningitis.  While  of 
great  value  in  any  ration  as  stated  below,  silage  can  not  replace 
grain  feed  entirely.  In  New  Hampshire,  tests  showed  that  the 
milk  flow  was  decreased  when,  beyond  a  certain  limit,  the  grain 
was  reduced  and  the  silage  increased  in  the  feed. 

Silos  and  silage  were,  in  the  first  days  of  more  common  use, 
thought  to  be  of  advantage  only  upon  dairy  farms.  But  later 
tests  have  shown  that  silage  is  of  value  for  feeding  horses, 
mules,  sheep,  lambs,  beef  cattle  and  poultry. 

The  sum  and  substance  of  nearly  all  experiments  has  been 
that  silage  increased  the  gain  or  rate  of  gain  while  at  the  same 
time  reducing  the  cost  of  production.  The  cost  of  butter  in  a 
herd  upon  dry  feed  (in  Miss.)  was  29.9  cents  a  pound,  while 
with  silage  the  cost  was  reduced  to  20.9  cents.  In  Iowa  the 
cost  per  pound  gain  on  lambs  fed  mangels  and  beets  was  6.82 
cents,  while  with  silage  the  cost  was  5.9  cents.  In  Texas,  in  a 
comparison  between  silage  with  a  small  amount  of  hay  and 
cotton  seed  hulls  in  feeding  steers,  the  cost  per  100  pounds  of 
gain  was  reduced  with  silage  from  $10.04  to  $7.32,  while  the 
amount  or  rate  of  gain  was  nearly  identical.  In  Indiana,  in 
fattening  lambs,  the  addition  of  silage  to  a  ration  of  clover  and 
shelled  corn  did  not  aflfect  the  rate  of  gain  but  slightly  reduced 
the  cost.  At  the  South  Dakota  Station,  steers  fed  on  silage  as 
a  maintenance  ration  were  consuming  70  pounds  daily  at  the 
end  of  the  trial.  They  increased  in  weight  but  were  not  fat. 
In  another  experiment  mangels  proved  superior  to  silage  in  mak- 
ing gains.  Numbers  of  experiments  have  been  made  in  various 
places  and  in  comparison  with  all  kinds  of  roughage,  with  the 
result  usually  in  favor  of  the  silage. 

The  reduced  cost  of  production  is  due  in  some  cases  to  a  re- 
duction in  the  amount  of  grain  consumed,  and  more  frequently 
to  the  greater  gains  made  and  to  the  lesser  cost  of  the  silage, 
which  is  figured  at  $3.00  to  $4.00  a  ton. 

The  Capacity  of  Silos  and  What  Size  to  Build. 

The  following  table  gives  the  approximate  capacity  of  silos 
of  various  dimensions  and  average  weights  per  cubic  foot  of 


silage  at  various  depths.  To  find  the  number  of  tons  in  a  silo, 
the  contents  should  be  figured  from  the  depth  of  silage  after 
settling,  rather  than  from  the  depth  of  the  silo. 

Capacities  of  Silos  and   Weight  per  Cubic  Foot. 


Depth 

Inside  diameter  in  feet 

Average 

of 

Weight  per 

silage 

12 

14 

16 

18 

20 

22 

24 

cu.  ft. 

20  Feet 

66 

84 

104 

126 

150 

33.3 

22  Feet 

76 

96 

119 

144 

172 

34.6 

25  Feet 

89 

116 

143 

173 

206 

36.5 

28  Feet 

61 

83 

108 

136 

168 

204 

243 

38.4 

30  Feet 

67 

91 

119 

151 

186 

225 

268 

39,6 

32  Feet 

74 

100 

135 

165 

204 

247 

294 

40.7 

36  Feet 

87 

118 

155 

196 

243 

289 

348 

42.8 

40  Feet 

101 

138 

180 

229 

280 

338 

407 

45. 

44  Feet 

212 

264 

•   320 

397 

467 

48. 

50  Feet 

251 

318 

382 

470 

565 

50. 

Wt.  of  B" 

1885 

2575 

3350 

4250 

5250 

6100 

7535 

8850 

If  one  well  understands  the  principles  of  ensiling  it  will  be 
seen  that  deep  silos  are  preferable  to  shallow  ones.  The  aver- 
age weight  per  cubic  foot  increases  with  the  depth  of  the  silage. 
A  silo  should  be  2  to  3  times  as  deep  as  broad,  and  as  now 
constructed  they  average  about  2!/2. 

It  is  necessary  to  feed  off  a  certain  amount  each  day  to  pre- 
vent loss  by  molding,  and  one  should  calculate  from  this  and 
from  the  number  of  animals  he  has  what  size  of  silo  will  fill 
his  requirements.  For  simplicity  the  average  weight  of  a  cubic 
foot  of  silage  is  figured  at  40  pounds.  If  a  man  has  40  cows 
and  wishes  to  feed  each  30  pounds  daily  and  must  feed  off  2 
inches   daily,  the  problem   works   out  like  this : 

Amount  fed  =  1200  lbs.  or  30  cu.  ft. 

30  cu.  ft.  divided  by  2"  daily  =  180  sq.  ft. 

180  sq.  ft.  =  the  surface  area  of  the  proposed  silo. 

The  square  root  of  (180-f- .7854)  =  15  ft. 

The  diameter  of  the  silo  wanted  equals  15  feet. 

If  2"  are  fed  off  daily  and  the  silage  is  30  ft.  deep,  the  feed 
will  last  about  180  days. 

If,  in  Hawaii,  5  inches  must  be  fed  off  daily,  either  one  must 
have  narrow  silos  or  larger  herds  of  cattle.  In  the  above  ex- 
ample if  5"  be  substituted  for  2"  the  diameter  of  the  silo  re- 
quired will  be  found  to  be  less  than  10  feet.  If,  however,  a 
man  has  300  head  and  wishes  to  feed  25  pounds  daily  while 
removing  5",  the  problem  works  out  thus : 
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Amount  fed  =:  7500  pounds  or  187.5  cu.  ft. 

187.5  cu.  ft.  divided  by  5"  =  450  sq.  ft.  or  the  surface  area 
of   silage. 

The   square   root  of    (450  divided  by   .7854)=approximately 
24  feet=diameter  of  silo  wanted. 

From  these  examples,  the  reader  will  be  able  to  calculate  the 
size  of  silo  suited  to  his  particular  needs. 
Acreage. 

The  acreage  to  plant  to  fill  a  given  size  of  silo  may  be  deter- 
mined only  after  some  records  have  been  kept  for  several  years. 
To  divide  the  capacity  of  the  silo  by  the  average  yield  per  acre 
and  then  add  40  or  50  per  cent  for  allowance  for  dry  season, 
would  seem  to  be  a  good  rule.  If  any  excess  seems  likely, 
some  may  be  fed  out  green  as  a  soiling  crop. 

The  yield  of  corn  should  be  from  7  to  10  or  11  tons  per 
acre,  in  order  to  prove  profitable. 

Construction  of  Silos. 

The  principles  upon  which  silo  construction  is  based  have 
been  mentioned  in  a  preceding  paragraph.  The  primary  ob- 
jects of  a  silo  are  to  exclude  the  air  from  the  silage  and  to 
retain  the  moisture  already  found  there,  or  much  of  it.  Other 
considerations  are  secondary,  yet  kind  and  quality  of  the  build- 
ing material,  durability,  cost  of  construction  and  maintenance, 
whether  fireproof  or  not,  and  appearance  should  be  considered. 

For  temporary  purposes,  cheap  silos  may  be  satisfactory,  but 
in  the  long  run  the  more  solid  structures  will  prove  to  be  the 
cheaper.  The  cost  of  repairs  and  often  a  loss  in  spoiled  silage 
make  cheap  silos  dear  at  any  price.  However,  any  material 
which  accomplishes  the  primary  objects  above  mentioned  may 
be  used.  It  must  be  remembered  that  strong  walls  are  abso- 
lutely necessary  for  best  results.  The  weight  of  the  silage  is 
supported  by  the  bottom  of  the  silo  at  the  ground,  but  the 
lateral  pressure  when  silage  is  settling  must  be  borne  by  the 
walls,  and  the  latter  must  not  warp  or  bend  else  air  may  be 
admitted.  That  the  lateral  pressure  in  time  subsides  is  proven 
by  the  fact  that  in  many  cases  of  fire,  the  structure  of  the  silo 
has  been  destroyed,  leaving  a  circular  mass  of  silage  20  to  30 
feet  high  which  retained  its  shape  until  some  time  later, .  when 
the  silage  became  spoiled  because  of  exposure  to  the  air. 

Prof.  King  of  Wisconsin  found  that  the  pressure  increased 
11  pounds  per  square  foot  for  each  foot  in  depth,  i.'  e.,  at  10 
feet  from  the  surface  the  lateral  pressure  was  110  pounds  per 
square  foot;  at  20  feet  it  was  220  pounds;  at  30  feet  it  was 


330  pounds,  and  so  on.  This  explains  why  it  is  necessary  and 
important  to  have  proper  strength  in  the  walls  and  especially 
near  the  bottom.  The  walls  must  be  straight  and  smooth  to 
facilitate  settling  of  the  silage  and  to  allow  this  without  the 
formation  of  air  pockets  at  the  sides.  When  a  silo  is  filled 
rapidly,  the  mass  will  settle  one-fifth  or  one-sixth  of  the  height 
in  the  next  four  or  five  days,  after  which  the  silo  may  be  again 
filled  to  the  top.  Again,  walls  of  some  strength  and  weight 
are  necessary  to  resist  the  wind  when  they  are  empty  and  dry. 
Many  of  the  cheaply  constructed  silos  have  thus  been  racked 
out  of  shape,  ruined  for  the  intended  purposes,  or  completely 
destroyed.  Durability  depends  upon  the  durability  of  the  ma- 
terials used  and  upon  the  solidity  or  rigidity  of  the  structure. 

The  Foundation.'^  As  in  all  structures,  a  firm  foundation  is 
necessary — even  more  necessary,  since  in  a  leaning  silo  there  is 
a  tendency  for  the  silage  to  settle  away  from  one  wall. 

The  thickness  of  wall  depends  upon  the  kind  of  silo  erected. 
The  weight  of  the  superstructure  rests  upon  the  foundation,  and 
a  larger  foundation  would  be  necessary  for  stone,  brick  or  con- 
crete than  for  building  blocks,  frame  or  stave  silos.  The  width 
of  the  ''footing"  course  varies  for  the  same  reason. 

The  walls  should  extend  one  foot  above  the  surface  and  three 
to  four  feet  below  the  surface  to  solid  earth,  where  variations 
in  moisture  found  at  the  surface  may  be  avoided.  If  soil  is 
porous  or  if  in  dry  regions,  probably  no  drainage  will  be  necesr 
sary.  Otherwise  a  tile  underdrain,  imbedded  in  gravel  or  coarse 
sand,  should  be  placed  under  the  foundation  walls  and  floor  of 
the  silo.  This  drain  may  open  into  the  floor  of  the  silo,  but  if 
so  the  opening  should  be  well  plugged  before  filling. 

Materials.  Hard  burned  brick  or  stone,  laid  in  cement,  or 
concrete  should  be  used.  To  lay  the  stone  and  pour  thin  ce- 
ment mortar  in  to  fill  the  crevices  has  been  found  to  be  a  faulty 
method.  Either  lay  the  wall  regularly  in  a  thick  mortar  or  con- 
struct a  form  and  put  in  the  mortar  first  and  wet  sand  and  rock 
afterwards,  well  tamping  the  mixutre.  The  best  results,  how- 
ever, can  be  obtained  only  when  true  concrete  is  regularly  made 
and  mixed  upon  a  mixing  board,  or  in  a  mortar  box,  or  in  a 
machine,  before  placing  it  in  the  form.  If  the  soil  is  used  for 
one  side  of  the  form,  it  would  be  well  to  use  tarred  paper  by 
it  to  prevent  loss  of  moisture  from  the  concrete  or  the  entrance 
of  any  clay  particles  into  the  mixture.  Wire,  iron  rods  or 
woven  fencing  may  be  used  for  reinforcement. 

Upon  dry  clay  a  floor  in  a  silo  is  not  necessary ;  with  porous 

*  See  Plate  I-E. 
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PliATE  1— from  varlouiPi  »oiircei». 

shows  section  of  outer  form  for  concrete  silo  cut  from  2"xl2"x6'-6". 
sliows  section  of  inner  form  for  concrete  silo  cut  from  2"xl2"x5'-4". 
shows  how  to  start  the  saw  in  one  stave  to  make  a  beveled  door  for 

a  stave  silo;  the  larg-er  opening-  should  be  upon  the  inside. 

shows    reinforced    union    of    roof    and    wall    in    a    concrete    silo,    and 

cornice, 

shows  foundation  for  any  silo  with  a  section  of  wall  and  reinforcing 

in  a  concrete  silo,     "a"  is  the  floor;   "b"  is  gravelly  sand;  **c"  is  tile 

drain. 

shows  one  method  of  reinforcing  about  the  doors  in  concrete  silos, 
shows  method  of  marking  circle  for  foundation  or  for  making  forms. 

shows  side  pieces  of  form  for  making  cement  blocks. 

The  bottom  boards  and  wooden  cores  are  not  shown. 

shows  a  hollow  cement  block  as  made  in  form  "H." 

shows  section  of  form  for  doorway  of  concrete  silo.     For  6  inch  walls 

use  2"x6"  material  and  2"x8"  material  for  8  inch  walls. 

Over  M  is  placed  another  similar  box  28"x40"  made  of  2x2  material, 
shows  a  side  view  of  the  completed  form.     When  placed  in  the  wall, 

the  side  having  the  2"x2"  rim  about  it  is  placed  upon  the  Inside. 


or  wet  soil  it  is,  and  a  thin  floor  is  almost  always  made.  One 
may  use  less  cement  in  the  mixture  for  the  floors.  In  founda- 
tions for  wood  structures,  the  walls  should  extend  at  least  a 
foot  above  the  surface  and  a  sill  with  anchor  bolts  or  heavy 
spikes,  imbedded  at  the  surface  to  which  the  studs  may  be  se- 
curely toenailed.  Pieces  2''x4"x2'  may  be  used.  The  anchor 
bolts  or  spikes  extend  at  least  three  inches  into  the  foundation 
below  the  sill.  Long  anchor  bolts  should  be  inserted  back  or 
outside  of  where  staves  will  come  in  foundations  for  stave  silos. 

The  Roof.  The  roof  of  a  silo  is  as  unimportant  as  the  floor 
— in  other  words,  it  may  or  may  not  be  necessary.  It  is  neces- 
sary in  cold  climates  to  prevent  the  freezing  of  the  silage  and 
in  wet  regions  to  exclude  heavy  rains.  Light  rains,  however, 
do  no  damage.  The  top  of  the  silage  is  always  exposed  to  the 
air  and  air-tightness  of  the  roof  is  of  no  avail.  The  roof  adds 
to  the  appearance  and  prevents  trash  from  blowing  in,  to  a 
slight   extent. 

A  plate  may  be  nailed  to  the  top  of  the  studs  or  staves,  but 
in  masonry  silos  a  plate  must  be  imbedded  as  described  for  sills 
of  wood  structures.  If  cement  roof  is  to  be  put  on,  plates  are 
unnecessary.  Reinforcement  connects  wall  and  roof  as  in 
Plate  I-D.  The  roof  may  be  , conical  or  pyramidal,  with  sides 
sloping  toward  the  highest  point  at  the  center;  or  gable  roofs 
or  shed  roofs  with  but  one  slope  may  be  built.  The  latter  is 
much  simpler  and  cheaper,  but  might  be  more  easily  lifted  by 
the   wind   unless   securely   anchored. 

Materials.  With  shed  or  gable  roof,  galvanized  iron,  tin, 
roofing  paper,  cement,  slate  or  shingles  may  be  used.  With 
conical  or  pyramidal  roofs,  cement,  tin,  slate,  shingles  or  pos- 
sibly paper  can  be  used.  In  many  places  in  Hawaii  it  might 
l)e  convenient  and  economical  to  construct  merely  a  framework 
for  a  roof  and  then  over  this  use  a  canvas  curtain  which  can 
lie  taken  down  after  the  heavy  rains  when  a  roof  is  no  longer 
necessary.  However,  after  the  removal  of  scaffolding,  the  plac- 
ing and  removal  of  the  canvas  would  be  attended  with  some 
difficulty  and  danger.  Metal  lath  and  cement  roofs  have  been 
used  in  some  cases  and  are  satisfactory. 

For  filling  the  silo  an  opening  must  be  left  or  built  into  the 
roof.  Either  a  trap  door  or  a  dormer  window  will  answer  the 
purpose. 

Door  for  the  Silo.  The  doors  should  be  located  in  a  vertical 
line  for  convenience.  Some  have  placed  them  upon  different 
sides,  thinking  that  the  structure  is  too  much  weakened  when 
all  are  in  line.     Doors  at  4  feet  apart  or  6  to  8  feet  from  center 


to  center,  will  be  numerous  enough  for  convenience  in  feeding. 
Continuous  doors  are  in  use,  mostly  in  some  of  the  '^patented" 
silos.  These  are  put  in  as  silo  is  filled  and  removed  as  it  is 
emptied.  The  slight  advantage  they  give  is  that  entrance  to  the 
silo  is  more  easily  made  through  them  and  some  labor  in  getting 
out  the  silage  is  avoided. 

A  chute  should  be  built  by  the  doors  down  which  the  silage 
is  thrown  in  getting  out  the  feed.  A  cart  or  wagon  may  be 
backed  under  the  chute  and  the  silage  loaded  without  rehand- 
ling.  A  ladder  may  be  built  up  along  one  side  of  the  inside  of 
the  chute.  In  its  absence  portable  ladders  may  be  used;  or  a 
ladder  may  be  made  only  between  doors;  or,  in  the  concrete 
silo,  rods  may  be  imbedded  in  the  concrete  which  serve  the 
purpose. 

The  Kind  of  Silo.  There  are  two  kinds  of  silos,  according 
to  placement  above  or  below  the  surface  of  the  ground.  The 
pit  silo  was  the  original  silo  used  in  Europe.  It  is  simple,  but 
laborious  to  construct;  requires  no  foundation  or  reinforcing 
or  elevation  of  material  when  filling,  but  does  necessitate  lift- 
ing the  feed  when  emptying,  and  as  the  larger  proportion,  by 
far,  of  the  silage  is  at  the  bottom,  the  work  becomes  tedious 
before  the  silage  is  all  fed  out. 

Plastering  the  sides  and  bottom  with  a  half  inch  of  cement 
plaster  is  all  that  is  necessary  after  the  excavation  is  made ; 
i.  e.,  where  moisture  is  not  excessive  and  cement  will  adhere  to 
the  walls.  In  some  places  a  single  brick  wall  is  laid  up  and 
plastered.     A  thin  concrete  wall  could  also  be  easily  made. 

The  elevated  silo  has  been  found  more  satisfactory  because 
of  the  ease  in  handling  the  silage.  Power  machinery  is  neces- 
sary to  cut  the  corn  or  other  feeds  used  and  it  takes  but  little 
extra  power  to  lift  the  cut  feed  to  the  top  of  the  silo.  The 
placing  of  improved  machines  and  power  for  the  few  days 
necessary  to  fill  this  form  of  silo,  in  a  comparison  with  the 
extra  work  by  hand,  or  by  windlass,  or  by  horse  power,  for 
the  150  or  180  days  necessary  to  feed  out  the  silage,  results 
greatly  in  favor  of  the  use  of  power  for  a  few  days  and  of  the 
elevated  silo. 

So  great  is  the  objection  to  lifting  silage  by  hand  that  doors 
are  made  continuous  or  at  intervals  of  but  a  few  feet  from 
each  other,  and  the  bottom  is  excavated  to  only  a  depth  of  about 
three  feet  or  four  feet  below  where  the  first  door  is  to  be  made, 
so  that  never  does  the  silage  have  to  be  pitched  over  four  feet 
high. 

Of  the  elevated  type  there  are  many  diflferent  forms,  accord- 
ing to  the  materials  used  and  the  methods  of  construction. 
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The  Stave  Silo.  The  simplest  and  cheapest  forms  are  known 
as  stave  silos.  If  well  built,  the  silage  in  them  keeps  well.  A 
temporary  silo  has  been  constructed  very  quickly  and  cheaply  by 
using  plain  staves  without  bevel  or  tongue  and  groove,  and 
binding  these  with  woven  wire  fencing  drawn  tight  with  stretch- 
ers. Such  a  silo,  however,  is  not  durable,  since  there  is  nothing 
to  prevent  the  warping  or  bending  of  the  staves.  The  Dairy 
Division  of  the  Bureau  of  Animal  Industry,  in  B.  A.  I.  Cir- 
cular No.  136,  recommends  plain  staves  spiked  together.  Near 
each  end  and  in  a  few  places  along  the  length  of  each  stave 
(except  where  the  doors  are  to  be  cut  out)  holes  are  bored 
straight  into  the  edge  of  each  stave.  When  erected,  spikes  are 
driven  from  a  certain  stave  to  the  adjoining  one,  being  started 
in  these  holes  and  driven  home  with  a  drift  pin.  Prof.  Krauss 
at  Kamehameha  Schools  (Vol.  Ill,  Hawaiian  Forester)  used  a 
common  water  tank,  inverting  every  other  stave  so  that  diame- 
ter of  the  silo  at  the  top  would  not  be  reduced  below  that  at 
the  bottom  as  is  the  case  with  many  of  our  stave  water  tanks. 

The  staves  should  be  beveled,  tongued  and  grooved ;  the 
hoops  should  be  of  flat  or  preferably  of  round  iron  and  of  suf- 
ficient number;  and  then,  if  well  anchored  or  guyed,  and  the 
hoops  kept  tight,  the  stave  silo  wall  endure  and  do  good  work 
for  many  years.  Being  light  in  weight,  anchoring  and  guying 
are  necessary  to  avoid  damage  by  wind  when  they  are  empty. 
The  staves  must  be  straight-grained  heart  wood,  without  knots 
or  wnndvshakes.  Redwood,  cypress  or  Oregon  fir  are  durable, 
but  the  first  named  shrinks  and  swells  less  when  empty  or  filled. 
Staves  if  possible  should  be  of  full  length,  planed  on  the  inside 
at  least  to  better  allow  the  settling.  If  to  be  painted  on  outside, 
both  sides  should  be  planed.  If  unable  to  secu/e  staves  of  full 
length,  shorter  ones  may  be  toenailed  firmly  together.  Steel  or 
galvanized  iron  "splines'^  are  often  used  to  make  the  union 
more  perfect.  A  groove  is  sawed  into  the  ends  of  the  two 
staves  to  be  spliced  and  the  spline  fitted  into  these  grooves 
when  putting  up  the  staves.  The  spline  should  be  slightly  wider 
than  the  staves  so  as  to  mesh  into  adjoining  staves.  For  a 
30  foot  silo  20  foot  staves  may  be  secured  and  some  cut  into 
10  foot  lengths,  and  then  a  short  piece  used  first  at  the  top  and 
then  at  the  bottom  so  as  to  "break  joints,"  or  pieces  14  feet 
and  16  feet  in  length  may  be  similarly  used.  For  a  36  foot 
silo,  pieces  16  feet  and  20  feet  may  be  used,  and  so  on. 

For  narrow  silos,  12  feet  or  less  in  diameter,  staves  2"x4'' 
should  be  used,  and  for  those  14  feet  or  more  in  diameter, 
staves  2"x6"  are  better;  in  very  large  structures  it  is  possible 


tluit  staves  2"x8"  even  coitkl  he  used  to  advantaia^e.  The  hoops 
slnnild  he  of  %"  round  iron  preferably,  since  band  iron  rusls 
<»m  iriorc  quickly  and  the  staves  rot  beneath  the  hands.  Hie 
rods  are  more  easily  handled  if  in  short  sections  of  from  1i 
to  16  feet  in  Iciigtli  and  shonld  be  well  threaded  at  the  ends. 
The  lugs  shonld  be  of  cast  iron,  since  the  use  of  wooden  lug's 
results 'in  rotting'  the  wood  of  the  stave  and  big,  beneath  the 
lug-.  Because  of  the  lateral  pressure,  as  previously  exi'dained. 
tlie  fioofis  ninst  be  closer  to  each  other  near  the  bottom,  or  of 
heavier  iron.  The  lower  may  be  placed  <V'  from  the  bottom: 
the  n,ext,  2  feet  higher :  the  third,  ly-z  ftx-t  above  this ;  the  others 
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at  2^,  3  and  3^  foot  intervals,  according  to  the  height  of  the 
silo. 

If  the  rods  are  secured  by  a  few  staples  they  will  be  pre- 
vented from  falling- when  the  staves  dry  out  and  a  collapse  of 
the  structure  may  be  avoided.  However,  the  nuts  upon  the  rods 
should  be  tightened  when  the  silo  is  empty  and  staves  become 
dry,  and  loosened  again  when  the  silo  is  refilled.  Unless 
loosened  the  expansion  of  the  staves  from  the  absorption  of 
moisture  may  result  in  broken  hoops.  If  sufficient  hoops  are 
used  to  insure  the  proper  strength,  and  if  proper  attention  is 
given  to  keep  them  properly  tightened  or  loosened,  the  lon- 
gevity of  a  good  stave  silo  is  insured ;  otherwise,  it  may  be  very 
short-lived.  The  Wisconsin  Experiment  Station  advises  also 
the  use  of  a  wooden  hoop  at  the  top  and  at  the  bottom,  to 
which  the  staves  are  nailed.  This  distributes  the  shrinkage 
when  empty,  preventing  any  large  cracks.  They  also  recom- 
mend some  wooden  hoops  laid  on  diagonally  as  braces  to  pre- 
vent racking  out  of  plumb. 

The  doors  for  the  stave  silos  may  be  cut  from  the  staves. 
When  erecting  the  silo,  one  stave,  which  comes  upon  the  side 
where  the  doors  are  desired,  may  be  sawed  partly  across  at 
points  where  the  bottom  and  top  of  each  door  is  to  come.* 
After  the  silo  is  completed  the  doors  can  then  be  sawed  out 
without  making  auger  holes.  In  starting  and  cutting  out  the 
doors,  the  cut  should  be  made  upon  a  bevel,  so  that  the  inner 
side  of  the  door  will  be  larger  than  the  outer  side;  then  pres- 
sure of  the  silage  holds  the  door  in  place  and  if,  when  the  door 
is  put  in  at  time  of  filling,  the  joint  is  covered  with  tarred  paper 
or  thick  plastic  clay,  a  practically  airtight  joint  is  secured. 

The  King  Silo.  The  King  silo  is  the  typical  "frame"  silo. 
Pices  2''x4"x2'  are  imbedded  in  the  foundation  wall  for  sills. 
Studs  2"x4",  or  2"x6"  in  very  large  silos,  are  erected  at  the 
joints  of  the  sill  and  vSecured  to  a  2''x4"  post  placed  in  the  cen- 
ter of  the  silo.  When  all  are  in  place,  j^"  sheeting  ripped  from 
rx4"  or  rx6"  pieces  is  nailed  to  the  studs.  Over  this  is  placed 
building  or  tarred  paper,  then  another  layer  of  >4"  sheeting, 
then  another  layer  of  paper  and  a  layer  of  sheeting,  making 
three  layers  of  wood  and  two  of  paper  in  the  lining.  Upon 
the  outside  one  layer  of  sheeting  covered  by  weather  boarding 
may  be  used.  A  cheaper  covering  is  to  construct  bands  around 
the  silo  at  proper  distances  of  three  layers  of  >4"x4"  pieces 
(breaking  joints  properly).     To  these  hoops  or  bands  ordinary 


•Plate  I-C  — a,  b,  c. 
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boxing,   with   or   without   battens,   may   be   nailed.     Galvanized 
iron  could  be  used  in  the  same  manner. 

The  Plastered  or  Gurler  Silo  is  a  modification  of  the  above, 
in  which  the  lining  is  composed  of  one  layer  of  sheeting  covered 
with  wood  or  metal  lath  and  a  coat  of  cement  plaster.  This 
silo  has  been  found  to  be  very  satisfactory  irr  service  and  quite 
reasonable  in  cost  of  construction.  The  doors  for  frame  silos, 
and  often  for  stave  and  masonry  silos,  are  made  of  two  thick- 
nesses of  matched  flooring  with  tarred  paper  between.  Upon 
one  face  the  boards  are  placed  horizontally  and  upon  the  other 
vertically.  Either  of  these  frame  silos  may  be  used  without  the 
outer  wall,  but,  with  the  latter,  especially,  a  few  wooden  hoops 
should  be  put  on.  With  the  studs  exposed,  however,  the  struc- 
ture is  rather  unsightly. 

Proper  circulation  of  air  between  outer  and  inner  walls  for 
protection  against  rotting  is  s.ecured  by  boring  holes  through 
the  outer  wall  at  the  bottom  and  inner  wall  at  the  top,  cover- 
ing these  with  wire  netting  to  exclude  rats. 

The  Octagonal  Silo.  Another  modification  of  the  frame  silo 
is  the  octagonal  silo,  with  2"x8"  planks  used  horizontally  in 
place  of  hoops  and  serving  as  nail  ties  in  place  of  the  studs. 
At  the  lower  part  "rims"  of  these  2"x8"  pieces,  nailed  together 
at  the  ends,  are  placed  at  intervals  of  one  foot.  Above  this 
they  vSpread  to  Ij^  feet  apart  and  at  the  top  to  2  feet.  The 
inner  lining  may  be  made  of  a  good  grade  of  boxing — two 
layers,  with  tarred  paper  between  and  with  joints  properly 
broken  so  that  cracks  can  not  occur.  The  original  silos  were 
square  silos,  in  which  there  was  great  loss  of  silage  in  corners 
and  along  the  walls  which  "sprung"  with  the  pressure.  The 
octagonal  reduced  the  loss  somewhat.  It  marks  a  transition 
stage  between  square  and  round  silos.  Only  round  types  are 
now  built. 

Masonry  Silos. 

There  are  several  types  of  silos  in  which  little  or  no  wood 
is  used  in  their  construction,  such  as  the  stone  silo,  the  brick 
silo,  the  clay  tile  silo,  the  cement  block  silo  and  the  concrete 
silo. 

The  choice  of  material  depends  upon  availability  or  relative 
cost  of  the  same,  since,  if  properly  built,  just  as  good  a  silo 
may  be  built  with  one  of  these  materials  as  with  any  of  the 
others. 

Where  stone  is  plentiful,  it  may  be  used  in  making  a  stone 
silo,  or  the  stone  may  be  crushed  and  used  in  making  a  con- 
crete silo.     In  many  of  the  states  clay  is  more  plentiful  than 
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crushed  rock,  and  brick  and  tile  silos  are  the  more  economical. 
In  a  section  where  no  clay  or  rock  is  available,  but  where  sand 
is  plentiful,  it  would  seem  that  the  cement  block  silo  could  be 
more  cheaply  constructed. 

This  type  of  silo  may  be  constructed  with  either  a  solid  or 
a  hollow  wall.  When  using  clay  building  tile  or  certain  types 
of  cement  blocks  no  extra  labor  or  care  is  necessary  to  con- 
struct a  wall  which  is  more  or  less  hollow,  but  with  concrete, 
special  forms  are  necessary ;  and  with  brick,  care  must  be  taken 
to  keep  the  outer  and  inner  walls  well  bonded  together. 

Since  there  is  no  possibility  of  silage  being  frozen  in  Hawaii, 
it  would  seem  that  the  only  advantage  of  a  hollow  wall  might 
be  in  a  reduced  cost  of  construction,  less  material  and  labor 
being  required. 

The  Monolithic  or  Concrete  Silo.  This  form  of  silo  is  prob- 
ably the  one  best  suited  to  Hawaiian  conditions  and  materials. 
Sand  and  rock  are  easily  obtained  and  men  skilled  in  the  mak- 
ing of  forms  and  in  handling  concrete  are  almost  always  avail- 
able. When  white  sand  is  not  available,  the  black  or  volcanic 
sand  may  be  used.  However,  before  being  used,  it  requires 
several  washings  for  the  removal  of  the  clay  which  is  inter- 
mingled with  it.  Upon  the  Parker  Ranch  one  silo  was  made 
using  black  sand,  but  in  later  ones  finely  crushed  rock  was  used, 
to  avoid  the  work  necessary  to  wash  the  black  sand.  To  obtain 
this  material,  besides  the  regular  rock  crusher  and  screens,  a 
separate  small  crusher  operated  by  a  separate  engine  is  used. 
The  mixing  of  the  concrete  may  be  done  in  a  power  machine, 
a  hand  machine,  or  by  hand  upon  a  mixing  board.  The  pro- 
portions used  are  generally  1  part  of  cement,  2  parts  of  sand 
and  4  parts  of  gravel;  but  this  may  vary  under  varying  condi- 
tions, such  as  different  thickness  of  walls,  the  amount  of  re- 
inforcement, or  the  cleanness  of  the  sand  and  gravel;  1 — lj4 — 3 
and  1 — 2y2 — 5  formulae  being  sometimes  used. 

The  Amount  of  Materials  for  Concrete  Construction.  Bul- 
letin No.  214  of  the  Wisconsin  Experiment  Station  gives  the 
materials  necessary  for  a  silo  14x36  feet  with  6"  wall  as  fol- 
lows: 
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Mixture  1 — 2>4 — 5. 


SILO  PARTS 


Cement 
bbls. 

Sand 
cu.  yds. 

Gravel 
cu.  yda. 

Concrete 
cu.  yds. 

1.87 
2.67 

.77 
1.1 

1.54 
2.2 

1,75 
2.5 

7.46 

3.07 

6.14 

6.98 

28.99 

11.92 

23.74 

27.1 

3.21 

1.32 

2.64 

3.0 

Foundation    footings    

Floor 

Foundation   wall   4   ft.   high 

Wall   32   ft.   high    

Roof     

Total     


44.2 


18.181 


26.221 


51.33 


Note: — If  the  sand  and  gravel  are  clean  and  care  is  exercised  in 
mixing,  a  1 — 2 14 — 5  mixture  is  sufficient.  If  not,  use  a  1 — 2 — 4  mix- 
ture, in  which  case  add  7  bbls.  cement,  1  cu,  yd.  sand,  and  1.1  cu.  yds, 
gravel. 

For  estimating  the  amount  of  material  in  silos  with  other 
dimensions  the  following  tables  and  directions  are  given  in  the 
same   bulletin  : 

Materials  for  One  Cubic  Yard  Concrete. 


Mixture 
1-2-4 


Mixture 
1-2^-5 


Bbls.  cement  per  cu.  yd.  of  concrete |       ■      1.3   I  1.07 

Cu.   yds.  sand  per  cu.   yd.  of  concrete I  .42J  .44 

Cu.  yds.  stone  per  cu.  yd.  of  concrete [  .84|  .88 

Materials  per  Foot  in  Height  of  Silos.^ 

Mixture   to   be   one   part  cement,    2i^    parts   sand,    5   parts  gravel,    and 
wall   to   be   6   Inches   thick. 


Diameter 

cement 

Sand 

Gravel 

Feet                                          1 

Bbls. 

Cu.  yds. 

Cu.  yds. 

10 

.65 

.269 

.538 

12 

.778 

.32 

.642 

14 

.903 

.372 

.74 

16 

1.03 

.422 

.844 

18 

1.16 

.475 

.95 

20 

1.27 

.525 

1.05 

22 

1.4 

.576 

1.15 

Forms  for  Concrete  Silos.  At  least  the  outside  form  must 
be  of  small  dimension  (height),  otherwise  an  unnecessarily  high 
lift  of  material  would  have  to  be  made.  A  cheaper  form  can 
be  made  when  the  inside  form  is  built  in  a  similar  manner — 
but  the  inside  wall  may  not  be  vertical  unless  great  care  is  ob- 
served in  adjusting  the  inside  forms. 


♦  These  figures  do  not  include  ROOF,  FLOOR  or  FOUNDATION. 
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Where  many  silos  are  to  be  built,  the  labor  of  moving  the 
inside  form  may  be  avoided,  and  the  cost  thereof  offset  by  the 
use  of  the  more  expensive  continuous  inside  form — which  also 
insures   a  vertical  wall. 

The  materials  and  methods  of  construction  for  forms  for  a 
6"  wall  of  a  14'  silo  are  thus  given  in  the  bulletin  above  quoted : 

Main  Frame — 16  pieces  2"xl2"  12'  long  No.  1  pine. 

Outside  Form — 4  pieces  2' x8"  10'  long  No.  1  pine ;  6  pieces 
2":^(:!'   10'  long  No.   1   pine. 

Inside  Form — 4  pieces  2"x6"  10'  long  No.  1  pine;  6  pieces 
2"x4"  10'  long  No.   1  pine. 

Connections — 4  pieces  2"x8"  10'  long  No.  1  pine. 

Roof  Form— 8  pieces  2"x4"  18'  long  No.  1  pine;  4  pieces 
2"x8"  14'  long  No.  1  pine;  2  pieces  l"x6"  14'  long  No.  1  pine; 

1  piece  2"x4"  U'  long  No.  1  pine. 

Door — 1  piece  2"x6"  10'  long  No.  1  pine;  1  piece  2"x2"  10' 
long  No.   1   pine. 

Nails — 15  pounds  20d  wire  spikes;  5  pounds  6d  wire  nails. 

Bolts— Outside  Form — 16  J4"x4>4"  carriage  bolts. 

Bolts — Inside  Form — 96  J4"x4"  carriage  bolts. 

Galvanized  Sheet  Iron  No.  18 — 8  pieces  6'  long  by  2'  6" 
wide ;  8  pieces  6'  6"  long  by  2'  6"  wide. 

The  16  pieces  2x12  inches  12  feet  long  should  be  cut  so  that 
two  pieces  will  be  obtained,  one  6  feet  6  inches  long  and  the 
other  5  feet  4  inches  long.  These  pieces  are  for  the  outside  and 
inside  forms.  To  lay  off  the  circle  for  the  form,  select  a  level 
place  in  the  shop  or  barn,  take  a  narrow  strip  of  wood  Ij^  or 

2  inches  wide  and  8  feet  long,  bore  a  hole  in  one  end  of  the  size 
of  a  lead  pencil,  measure  from  the  center  of  this  7  feet  6  inches 
and  drive  a  nail  through.  This  will  make  the  outside  circle. 
Since  only  one-eighth  of  the  circle  is  required,  it  will  not  be 
necessary  to  make  a  complete  circle  at  this  time.  The  inner 
circle  is  made  in  the  same  way  by  shortening  the  distance  6 
inches  between  the  nail  and  the  pencil.* 

Two  patterns  are  necessary — B,  Plate  1,  for  the  inside  form, 
and  A,  Plate  1,  for  the  outside  form.  For  the  outside  form, 
take  one  of  the  pieces  6  feet  6  inches  long.  Using  a  steel 
square,  locate  the  center  on  one  side.  From  this  center  lay 
off  2  feet  10^  inches  each  way.  Place  this  edge  of  the  piece 
toward  the  center  of  the  circle,  and  under  the  8  foot  arm  which 
was  prepared  for  drawing  the  circle.  With  the  pencil  at  one 
of  the  points  just  made,  draw  a  curved  line  to  the  other  point. 


**  Plate  I-G. 
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This  will  be  one-eighth  of  the  outside  circle  as  shown  at  D  in 
Plate  3.  Cut  this  piece  as  shown  at  A  in  Plate  1,  and  the  pat- 
tern for  the  outside  is  complete.  Cut  16  of  these  pieces  and 
they  are  ready  for  framing  into  sections. 

Take  one  of  the  16  pieces  5  feet  4  inches  long,  as  shown  in  B, 
Plate  1.  The  center  is  then  determined  as  before.  Measure  off 
2  feet  5  inches  each  way  from  the  center.  Lay  this  piece  under 
the  8  foot  arm,  and  with  the  pencil  6  inches  nearer  the  center 
of  the  circle,  draw  a  curved  line  from  one  end  of  the  piece  to 
the  other.  This  will  be  one-eighth  of  the  inside  sircle  as  shown 
at  C,  Plate  3. 


PliATE  3— 

Sections  C  and  D  shown  in  circular  position  as  they  would  appear 
from  above.  Note  the  wedges  at  A.  These  should  always  b6  released 
and  the  connections  at  these  points  unbolted  when  raising  the  forms 
preparatory  to  filling-. 

To  complete  the  construction  of  the  outside  form,  take  four 
pieces  of  2x8  inches  10  feet  long,  and  six  pieces  2x6  inches  10 
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feet  long  and  cut  tl'iem  into  studding  2  feet  2  inches  long,  as 
shown  at  E  in  Plate  3.  Then  spike  the  D's  and  E's  together, 
using  2x8  pieces  at  the  ends,  and  the  frame  is  ready  to  be  faced 
with  No.  18  galvanized  iron.  Care  should  be  taken  to  square 
the  frame  before  nailing  the  iron  on.  Use  six  penny  wire  nails 
for  this  purpose. 

The  studdings  as  shown  at  F,  F,  F,  Plate  3,  for  the  inside 
form  are  the  same  except  that  they  are  2  feet  6  inches  long. 
The  framing  of  this  form  is  the  same  as  in  the  outside  form, 
except  that  three  center  studdings  are  mortised  into  the  inside 
frame  as  shown  at  S,  S,  S,  in  Plate  3. 

Cut  4x4  openings  as  shown  in  C,  Plate  3.  These  openings 
are  for  the  two  pieces,  2x4,  used  to  support  the  inside  frame. 
By  breaking  joints  these  supports  may  be  raised  to  the  height 
of  the  silo.     They  must  always  be  perfectly  plumb. 

The  sections  should  be  set  and  bolted  together  in  a  circle, 
placing  the  inside  form  first.  To  do  this,  describe  a  circle  with 
a  pencil  and  arm  as  before  explained.  From  the  four  pieces 
2x8  inches  10  feet  long  make  16  connections  2  feet  6  inches 
long,  and  bolt  one  at  top  and  bottom  of  each  section  as  shown 
at  G,  Plate  3.  A  second  circle  6  inches  outside  of  the  other 
should  then  be  drawn  and  the  sections  of  the  outside  form  set 
in  place  as  shown  at  D  in  Plate  3.  To  keep  the  outside  form 
just  6  inches  from  the  inside  form,  make  up  several  pieces  6 
inches  long  for  spacers.  These  should  be  placed  4  or  5  feet 
apart. 

For  16,  18,  or  20  foot  silos  the  forms  are  constructed  in  the 
same  manner,  but  the  dimensions  of  the  various  pieces  will  of 
course  be  different.  Lay  off  the  circle  upon  the  ground ;  divide 
it  into  eighths,  and  cut  the  inner  and  outer  forms  to  meet  at  the 
dividing  lines. 

Reinforcement  of  Concrete  Silos.^^  The  material  used  for 
strengthening  concrete  silos  is  of  various  kinds.  In  the  Okla- 
homa Farm  Journal  for  February  15,  1913,  a  writer  mentions 
using,  with  3  foot  forms,  a  34"  woven  wife  fencing.  Each  fill 
was  32  inches,  so  that  the  fencing  was  lapped  two  inches  and 
no  weak  point  occurred  between  fillings. 

Upon  many  of  the  farms  in  the  West,  there  is  usually  a  sur- 
plus of  worn  out  farm  machinery,  some  portions  of  which  are 
always  available  for  reinforcing.  Iron  rods  %"-%"  in  diameter 
are  common  commercial  forms  for  reinforcing.  In  the  absence 
of  other  materials  or  as  substitutes  for  them  ordinary  smooth 
No.  9  wire  may  be  used  in  the  forn^  of  cables.     Barbed  wire 


*  For   reinforcement  about   doorways   see  Plate   I-F. 
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could  be  used  and  would  perhaps  be  better,  but  it  is  difficult 
to  handle.  Wire  cables  are  easily  made  in  any  length  desired 
and  afterwards  they  can  be  cut  into  shorter  pieces.  Take  a 
heavy  wagon  and  raise  one  wheel  upon  a  wagon- jack  or  block 
and  brace  thoroughly  so  as  to  prevent  any  movement  forward, 
backward  or  to  the  side.  At  the  desired  distance  from  the 
wagon  set  a  heavy  post  and  attach  to  it  the  ends  of  several 
wires.  The  wires  are  then  attached  to  every  fourth  or  fifth 
spoke  upon  the  movable  wheel,  near  the  hub.  Upon  turning 
the  wheel  the  wires  are  soon  twisted  into  a  cable.  Rods  and 
cables  should  be  placed  near  to  the  outer  edge  rather  than  to 
the  inner  edge  of  the  wall. 

In  silos  over  25  feet  high,  vertical  reinforcement  should  be 
employed  as  well  as  horizontal.  Three-eighths  inch  rods  at  in- 
tervals of  15  to  30  inches  are  recommended,  but  not  always 
used.  If  cut  into  short  lengths,  rods  or  cables  can  be  more 
easily  used  as  vertical  reinforcement. 

Concrete,  because  of  the  strength  of  the  cement,  requires 
less  reinforcement  than  stave,  brick,  tile  or  block  silos. 

The  following  table,  from  Wisconsin  Bulletin  No.  214,  gives 
the  approximate  amount  of  reinforcement  to "  use. 

Amount  of  Reinforcement  Needed  for  Silos. 
Si:::e  and  Spacing  of  Horizontal  Reinforcement  Around  Sides. 


Distance  in  Feet 
Measured  From  Top 

For  Silos  14  ft.  to  18  ft.  in 
Diameter,  Using  No.  9  Wire 

For  Silos  14  ft.  to  18  ft.  in      . 
Diameter,  Using  %  Inch  Mild 
Steel  Rods 

of  Rilo 

No.  of  Wires 
in  Cables 

Distance  Apart 
of  Cables 

No.  of  Rods 

Distance  Apart 
of  Rods 

Inches. 

Inches. 

0-   5 

2 

12 

18 

5-10 

2 

10 

18 

10-15 

2 

8 

14 

15-20 

4 

8 

12 

20-25 

4 

6 

10 

25-30 

4 

6 

8 

30-85 

5 

6 

6 

35-40 

5 

4 

4 

If  there  is  a  scarcity  of  reinforcing  material,  the  lack  may  be 
made  up  by  using  a  greater  proportion  of  cement  in  the  mix- 
ture, or  by  making  a  thicker  wall. 

Upon  the  Parker  Ranch  on  Hawaii  are  now  being  con- 
structed several  concrete  silos.  The  forms  in  use  may  be  de- 
scribed as  follows:    The  outer  form  is  similar  to  the  one  de- 
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scribed  and  illustrated  above  witli  the  exceptions  that  vertical 
staves  of  l"x4"  shiplap  arc  used  in  place  of  the  .i^-alvatiizccl  iron, 
and  the  form  is  5'  hi|^h  in  place  of  3'.  {')iily  two  2"x4"  studs 
arc  used  upon,  each  section  vvilli  the  sldtila])  "where  more  were 
necessary  with  g;alvanizc(l  iron. 

All  the  joints  are  made  secure  by  bolts  as  shown,  but  one. 
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At  this  one  two  large  bolts  30"  long  are  used.  These  bolts 
are  placed  horizontally,  one  near  the  top  of  the  form,  the  other 
near  the  bottom.  The  form  may  be  loosened  when  desired  by 
unscrewing  the  nuts  of  these  bolts.  Then  the  form  is  raised 
by  four  sets  of  pulley  blocks  hung  from  the  scaffolding  and  the 
bolts  are  tightened,  after  which  everything  is  ready  for  another 

mi. 

The  inside  form  is  made  of  shiplap  V'x4"  by  20'  with  braces, 
made  as  described,  occurring  at  bottom,  at  10  feet  high,  two  at 
20  feet  where  the  upper  section  meets  the  lower,  another  at  30 
feet,  at  35  feet  and  at  40  feet. 

The  dimensions  of  these  silos  are  20x40  feet  with  an  8  inch 
wall  the  entire  height.     The  capacity  of  each  is  nearly  300  tons. 

The  scaffolding  consists  of  4x4  inch  post  in  the  center  of  the 
silo,  several  4x4  inch  and  3x4  inch  posts  upon  the  outside. 
These  outer  posts  are  connected  to  the  inner  one  at  intervals 
by  Ij4x6  inch  pieces  and  across  these  the  platforms  are  con- 
structed, the  entire  scaffolding  being  well  and  securely  braced 
so  as  to  avoid  accidents.  The  inner  form  is  well  braced  also 
from  the  inner  post. 

The  Iowa  or  Hollow  Clay  Tile  Silo. 

This  silo  is  simple  in  construction,  durable,  efficient,  and  reas- 
onably cheap  wdiere  the  tile  can  be  obtained.  It  is  built  of 
regular  clay,  hollow  building  blocks  4"x8"xl2"  or  of  dimensions 
approximating  these.  The  tile  are  laid  in  cement  mortar  which 
contains  just  enough  lime  to  make  the  mortar  stick  well,  (1  part 
cement,  1-3  part  lime,  2  to  3  parts  sand).  No.  3  wire  is  laid 
in  for  reinforcement,  the  amount  of  wire  used  being  adjusted 
to  meet  the  demands  of  the  lateral  pressure.  The  inside  of 
the  tile  may  be  plastered — or  simply  washed  with  a  cement  wash. 

The  Concrete  Block  Silo. 

When  once  the  concrete  blocks  are  made,  the  construction  of 
this  form  of  silo  is  the  same  as  that  for  the  one  preceding.  In 
the  manufacture  of  the  blocks,  a  form  consisting  of  a  bottom 
board,  and  hinged  or  bolted  side  pieces  are  used.'''  From  one 
to  five  of  the  side  pieces  or  frames  are  necessary  while  thirty 
to  fifty  of  the  bottom  pieces  are  required.  In  making  cement 
blocks  as  in  making  posts  but  little  water  is  used  because  with 
little  water,  the  material  soon  hardens  and  the  side  frames  may 
be  removed  and  used  in  making  more  blocks. 

*  See    Plate   I,    H   and    K. 
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In  order  not  to  disturb  the  cement  until  set,  the  block  must  be 
left  upon  the  bottom  board  for  some  time,  at  least  3  to  4  days, 
and  hence  more  of  these  bottom  than  of  side  pieces  are  neces- 
sary. 

The  properly  ''cure"  blocks  made  in  this  manner,  a  period  of 
at  least  three  weeks  is  necessary,  during  which  the  blocks  must 
be  kept  from  drying  too  rapidly.  They  are  sprinkled  well  and 
frequently,  and  covered  with  old  hay,  straw,  sacks  or  with  tar- 
paulins to  protect  them  from  the  sun.  By  having  several  of 
the  side  forms,  immediate  removal  of  the  form  is  unnecessary, 
more  water  can  be  used  and  a  stronger  block  obtained. 

A  convenient  size  of  block  is  8"x8"x24".  To  make  these  as 
light  as  possible  and  to  save  material  the  Wisconsin  Station  ad- 
vises the  use  of  two  cores  2"  thick,  8"  long  and  6"  wide — 
tapered  toward  one  end  so  as  to  be  easily  removed. 

Forms  for  making  such  blocks  are  inexpensive  and  any  one 
can  make  them.  Concrete  block  machines  are  more  expensive 
but  permit  more  rapid  work  in  making. 

For  reinforcement  3-8"  iron  rods  are  used  between  each  layer 
up  to  15  feet  after  which  a  less  number  may  be  used.  Michigan 
Experiment  Station  Bulletin  No.  255  fully  describes  several  dif- 
ferent block  silos.  One  of  these  may  be  briefly  described  as 
follows : 

Silo — 16^^  feet  diameter.  28  ft.  high  above  concrete  founda- 
tion. 

Blocks— 9' x36"  and  10",  8",  or  6"  thick. 

12  tiers  of  hollow  block  10"  thick. 

14  tiers  of  hollow  block  8"  thick. 

12  tiers  of  solid  block  6"  thick  at  top. 

Cores  for  making  hollow  blocks — 2"xl0"x9"   (tapering). 

Concrete — 1  part  of  cement,  5  parts  gravelly  sand. 

Mortar — 1  part  of  cement,  2  parts  sand. 

Plaster  (^") — 1  part  of  cement,  2  parts  sand. 

Wash — Cement  and  water. 

Reinforcement — No.  8  wire. 

Time  to  build — 3  weeks^. 

No.  of  blocks — 700  (1  bbl,  of  cement  to  16  eight  inch  blocks). 

Another  type  of  silo  is  described  as  follows : 
Blocks— solid— 8"x24"  by  3"  thick. 
Doorways — continuous — no   door    frame. 
Reinforcing — 2"    band  iron  hoops  as  for  stave  silos  with  \]/z" 


1.  No  data  given  as  to  time  required  to  make  the  blocks.  In  another 
description  it  is  stated  that  3  men  could  make  daily  100  blocks 
8"xl0"x32". 
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x4"  pieces  across  doors,  under  the  hoops,  to  hold  wall,  and  to 
which  supports  for  a  chute  are  nailed.     Hoops  33"  apart. 
Concrete,  mortar,  and  plaster — as  usually  made  and  a  cement 
wash  was  put  on  over  the  plaster. 

The  unique  features  are  the  thinness  of  the  walls,  and  the 
hoop  reinforcing,  no  wires  being  used  in  the  walls.  Also  much 
less  material  is  required  and  cost  is  reduced.  The  contract 
price  of  this  silo — with  foundation,  and  frame,  rubberoid  roof 
was  $176.00  and  it  had  been  in  use  five  years  at  time  the  bulletin 
was  published. 

Steel  silos  are  now  upon  the  market  but  no  reports  as  to  their 
efficiency  are  as  yet  available. 

Care  of  Silos. 

For  concrete  silos,  care  consists  of  washing  the  inner  surface 
every  3  or  4  years  with  a  cement  wash.  Wood  silos  may  be 
painted  on  the  outside  at  intervals  as  necessary. 

Interior  walls  may  be  painted  only  with  hot  gas  tar  or  creo- 
sote. 

Plastered  silos  may  be  given  the  cement  wash. 

Stave  silos  should  be  watched.  The  staves  should  be  tightened 
or  loosened  as  before  stated. 

When  well  built — silos  require     little  subsequent  attention. 

CROPS    FOR    THE    SILO. 

The  corn  plant  is  preeminently  the  one  for  silage.  It  fur- 
nishes nutritious  feed,  good  yields  per  acre,  ease  and  cheapness 
in  handling,  and  a  wide  adaptability  to  climate  and  soils.  Other 
crops  can  be  used  alone  or  in  mixtures,  but  none  can  ever  re- 
place corn  entirely.  Alfalfa,  clover,  cowpeas,  soybeans,  sor- 
ghum, Japanese  cane,  and  other  crops  have  been  used.  In  New 
York  state  corn  and  soybeans  have  been  quite  a  popular  mix- 
ture; sorghum  and  cowpeas  make  a  better  soiling  food  through- 
out the  South  and  could  be  used  as  a  mixture  for  silos.  Sor- 
ghum and  velvet  beans  also  make  a  good  silage  according  to 
the  Florida  Station.  Velvet  beans  alone  do  not  make  good  silage 
and  the  silage  from  soybeans  is  very  foul  smelling. 

In  Hawaii  we  have  several  crops  which  could  be  tried  out  for 
silage.  Corn,  alone,  or  with  soybeans,  cowpeas  or  alfalfa  will 
probably  be  found  to  be  superior  to  other  crops.  Sorghum, 
alone  or  in  mixtures  will  prove  to  be  of  value.  Cane  tops, 
where  they  can  be  obtained  without  too  great  an  expense  in 
hauling,  should  prove  successful  as  silage.  Honohono,  Para 
grass,    alfalfa,    soybeans,    cowpeas,    velvet    beans,    jack    beans, 
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teosinte,  clovers,  and  other  crops  will     no  doubt  keep  well  and 
succeed  as  silage  crops. 

It  is  well  of  course  to  try  and  grow  some  legume  to  mix  with 
corn,  sorghum  or  other  grasses  in  the  silo.  The  yields  of  soy- 
beans are  not  satisfactory  at  all  times;  aphids  interfere  with 
growth  of  cowpeas;  cutworms  kill  peas  and  beans  at  various 
times;  alfalfa  is  not  suited  to  all  our  varying  conditions;  jack 
beans  and  velvet  beans  are  rather  slow  in  growth.  Experience 
alone  will  enable  one  to  determine  which  legume  is  best  suited 
to  his  particular  needs.  Ti  leaves  and  prickly  pear  are  feeds 
which  could  be  tried  out.  However,  the  latter  feed  is  succulent 
and  green  at  all  times  and  might  not  be  improved  by  ensiling, 
and  the  labor  bill  would  be  unnecessarily  increased. 

Marsh  rice,  cut  in  the  green  stage,  could  be  tried  along  the 
coasts  and  perhaps  in  rainy  districts  the  upland  rice  would  give 
good  yields  and  feed.  A  rainfall  of  at  least  10  inches  per  month 
is  necessary  for  the  best  growth  of  this  rice.  Egyptian  clover 
has  done  very  well  at  the  Experiment  Station  and  where  rain- 
fall is  plentiful  during  winter  months,  might  be  grown  for  mixed 
silage.  Red  clover  might  succeed  at  higher  altitudes.  Cow- 
peas  will  likely  prove  to  be  the  better  legume  under  all  con- 
ditions. 

Professor  Krauss  at  Kamehameha  succeeded  well  with  corn, 
sorghum  and  cowpeas  and  with  cowpeas  alone.  Vines  like  cow- 
peas  or  velvet  beans  are  somewhat  difficult  to  run  through  the 
cutter  alone.  They  should  be  mixed  with  twice  or  three  times 
a  like  amount  of  sorghum  or  corn. 

Japanese  Cane.  Florida  Station  Bulletin  No.  105  gives  a 
good  recommendation  for  Japanese  cane  as  a  forage  and  silage 
crop.  It  is  given  special  mention  here  as  worthy  of  trial  where 
there  is  a  reasonable  amount  of  rainfall  at  lower  or  medium 
elevations.  It  should  be  planted  in  rows  about  6  feet  apart  and 
it  will  make  several  ratoon  crops  like  the  regular  sugar  cane. 
It  will  be  eaten  fresh  or  as  silage  by  all  kinds  of  domestic  ani- 
mals. It  will  furnish  a  much  larger  quantity  of  forage,  richer 
in  carbohydrates,  but  poorer  in  portion,  than  will  corn  or 
sorghum. 

YIELDS. 

Corn.  Carrier  (Farmer's  Bulletin  No.  292)  found  that  the 
average  yield  over  a  considerable  area  in  Michigan  and  Wis- 
consin was  9.1  tons  green  feed  per  acre.  In  Nebraska  18  acres 
of  corn  (estimated  to  make  60  bushels  per  acre))  were  required 
to  fill  two  110  ton  silos,  which  equals  about  12  tons.  The 
Pennsylvania  Station  also  estimates  a  60  bushel  corn  crop  at 
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12  tons  and  a  40  bushel  crop  at  8  tons  per  acre.  Maximum 
yields  of  corn  are  15-18  tons  per  acre,  the  yield  being  obtained 
by  dividing  the  number  of  bushels  the  land  will  produce  by  five. 
A  test  row  from  a  plot  in  Nuuanu  Valley  yielded  at  rate  of 
9.8  tons  in  March,  1913. 

Sorghum.  Sorghum  in  Florida  yielded  better  than  corn  and 
varied  from  8  to  16  tons  per  acre.  Rattoon  crops,  if  moisture 
is  available,  would  give  sorghum  a  preference  over  corn.  In 
Hawaii  yields  of  from  5  to  24  tons  have  been  obtained.  One 
variety  has  exceeded  this.  All  sorghums  grow  slowly  during 
the   cooler  months. 

Japanese  Cane.  Japanese  cane  in  Florida  gave  16  to  27  tons 
in  1909  and  10  to  16  tons  in  1910.  At  Mountain  View  (Olaa 
Plantation)  Hawaii,  yields  of  over  50  tons  per  acre  were  ob- 
tained for  two  years,  after  which  much  less  was  obtained. 

Teosinte  yielded  less  than  sorghum  in  Florida  but  in  Louisiana 
50  tons  per  acre  were  obtained.  At  the  Hawaii  Experiment 
Station  it  yielded  about  the  same  as  sorghum  and  made  no 
rattoon. 

Jack  Beans.  Yields  at  the  rate  of  11  to  12  tons  per  acre 
have  been  obtained  at  the  Hawaii  Experiment  Station.  P.  M. 
Pond  secured  one  crop  of  20  tons  per  acre,  btit  could  not  du])li- 
cate  it. 

Velvet  beans  upon  a  small  plot  yielded  at  the  rate  of  19.8 
tons  per  acre. 

Cowpeas  yield  5  to  10  tons  per  acre. 

Alfalfa  will  make  from  2  to  8  tons  per  acre,  per  cutting. 

Of  soybeans,  clovers,  etc.,  no  yield  imder  Hawaiian  condi- 
tions are  available.  It  will  likely  be  less  than  for  the  cowpeas, 
jack  beans  or  velvet  beans.  Yields  of  course  are  very  variable 
and  uncertain.  The  nature  of  the  soil,  its  water  holding  ca- 
pacity, prevalence  of  winds,  amount  of  sunshine,  humidity  of 
the  air  and  the  adaptability  of  the  crop  to  the  given  conditions 
are  some  of  the  factors  which  determine  yield. 

Cost  and  Value  of  Silage.  The  cost  of  silage  includes  the 
cost  of  growing  the  crop,  the  rent  of  the  land,  the  cost  of  fdling 
tho  silo  and  some  proportion  of  the  cost  of  the  silo,  the  feed 
cutter,  etc..  the  estimate  of  the  latter  being  based  upon  their 
longevity.  By  calculating  the  cost  and  dividing  by  the  number 
of  tons  in  the  silo,  the  cost  per  ton  will  be  obtained.  The  value 
of  silage  is  really  the  value  of  other  feeds  which  one  would 
have  to  buy  to  obtain  the  same  result  were  the  silage  not  on 
hand.  Most  of  the  experiment  stations  in  the  States  in  figur- 
ing the  result  of  feeding  tests  estimate  silage  as  worth  $3.00  to 
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$4.00  a  ton.  One  experiment  station  values  silage  at  $3.50  per 
ton  or  what  would  be  seventy  cents  per  bushel  for  corn.  As 
the  average  estimates  are  that  a  "5  bushel"  corn  will  make  1 
ton  of  silage,  the  approximate  value  of  silage  per  ton  is  obtained 
by  multiplying  the  price  per  bushel  of  corn  by  five. 

FILLING    THE    SILO. 

The  crop  should  be  left  in  the  field  until  nearly  mature — until 
the  leaves  show  by  a  yellow  color  that  maturity  is  near.  With 
corn,  the  best  stage  is  when  kernels  are  in  the  "dough."  Sor- 
ghum may  be  left  until  more  fully  mature.  Better  silage  is 
made  from  maturing  crops  and  better  yields  are  obtained. 

Corn  and  sorghum  may  be  cut  with  a  binder  (or  harvester  as 
some  call  it)  if  they  have  been  grown  in  rows.  However,  if 
blown  down  badly,  hand  labor  must  be  used.  The  cost  of  cut- 
ting by  machinery  is  not  much  less  than  by  hand  labor,  but  the 
bundles  are  much  more  easily  and  quickly  loaded  on  wagons 
and  unloaded  at  the  cutter  making  a  saving  of  time.  One  third 
more  corn  can  be  handled  in  a  given  time  in  bundles.  It  is  well 
to  haul  a  few  loads  and  stack  by  the  cutter  in  such  place  as  will 
not  interfere  with  the  approach  of  the  wagons.  Then  if  there 
is  any  delay  in  getting  fodder  in  from  the  field,  corn  may  be 
secured  from  this  stack  to  keep  the  cutter  running.  It  is  best, 
although  not  necessary,  to  fill  the  silo  as  expeditiously  as  pos- 
sible, once  the  work  has  started.  After  the  silage  is  well  settled 
or  after  4  or  5  days  the  silo  may  be  refilled.  Several  refillings 
are  necessary.  The  settling  may  be  facilitated  by  thoroughly 
wetting  the  upper  foot  of  silage  to  increase  its  weight.  When 
finishing  filling  (the  final  filling)  weeds,  grass,  cornstalks  with- 
out the  grain  and  any  other  materials  may  be  used,  wet  down 
as  described ;  since  the  top  is  exposed  to  the  air  and  will  spoil, 
poor  material  answers  as  well  as  good.  When  opening  the  silo 
to  begin  feeding  some  ten  or  more  inches  at  the  top  will  be 
found  to  be  spoiled  and  must  be  thrown  away. 

It  is  possible  to  ensile  partially  dried  corn  fodder  by  adding 
water  to  the  cut  material  upon  the  elevator,  one-half  barrel  or 
less  to  the  wagon  load  of  fodder.  There  is  a  tendency  because 
of  the  difference  in  their  weight  for  the  cut  pieces  of  cob,  stalk 
and  leaves  to  segregate.  One  man  should  be  kept  in  the  silo 
when  filling,  whose  duty  it  is  to  keep  these  well  mixed,  and  to 
keep  the  silage  well  tramped  near  the  walls.  The  mass  in  the 
center  settles  well  without  tramping,  but  friction  along  the  walls 
retards  settling  and  hence  the  need  for  thorough  tramping  at 
the  edges. 
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Fermentation  starts  immediately  and  when  resuming  the  work 
of  fining  after  any  interval  the  machine  should  be  run  several 
minutes  before  any  one  enters  the  silo.  Carbon  dioxide  de- 
velops and  accumulates  in  the  bottom  but  will  be  dissipated  by 
the  falling  silage.  Especially  in  pit  silos  should  care  be  ob- 
served. 

Cutter.  Use  one  of  large  capacity  rather  than  a  small  one. 
There  will  be  less  trouble  and  delay  and  the  cost  of  filling  the 
silo  will  be  reduced  if  large  capacity  machines  are  used.  To 
elevate  the  silage  the  cutter  may  be  equipped  with  either  an 
elevator  or  a  blower.  Blowers  are  to  be  preferred  especially  for 
high  silos,  but  much  more  power  proportionately  is  required. 
Force  feed  (or  self-feed)  machines  have  a  greater  capacity  for 
same  size  of  knives.  There  is  less  danger  of  injury  to  the 
feeder  or  to  the  machine  with  these  machines,  since  in  any 
emergency  the  feeding  device  may  be  instantly  disengaged  and 
stopped  without  stopping  the  cutting  part  of  the  machine.  The 
exact  size  to  which  the  feed  is  cut  is  of  but  little  importance — 
uncut  feed  would  keep  if  it  could  be  packed  tightly  enough  to 
exclude  the  air. 

Wagons.  For  convenience  in  hauling  in  the  fodder  from  the 
fields  either  a  low  wheeled  ''handy"  wagon  may  be  used  or 
ordinary  wagons  with  extended  ''drop  frame,"  reaches,  so  that 
the  main  rack  or  platform  is  low  and  convenient  between  fore 
and  hind  wheels.  To  build  this  frame  two  pieces  of  3"xl2"  o'- 
other  heavy  material  about  16  feet  long  are  fitted  together 
making  a  narrow  "V"  wedge.  The  point  of  the  "V"  is  hung 
below  the  forward  axle  by  a  heavy  bolt  which  replaces  the 
"King"  bolt.  The  open  end  of  the  weclge  is  suspended  below 
the  rear  axle  to  which  it  is  attached,  the  "hounds"  being  at- 
tached to  this  frame  which  substitutes  for  a  "reach."  Over  the 
heavy  timbers  a  floor,  a  front  standard  and  a  rear  standard  are 
built  to  hold  and  retain  the  fodder. 

The  labor  required  in  filling  a  silo  is  considerable.  Several 
men  are  necessary  in  the  field  to  cut  and  load  the  corn,  two  or 
more  teamsters  in  hauling,  two  men  to  unload  and  feed  the 
cutter,  one  man  inside  the  silo  and  at  least  another  to  attend  to 
the  engine.  If  steam  power  is  used,  or  if  water  is  necessary 
to  dampen  dry  fodder,  a  man  to  haul  water  is  also  required. 

The  cost  of  filling  in  Wisconsin  and  Michigan,  according  to 
Carrier,  varied  directly  with  the  size  of  loads  that  were  hauled, 
and  with  the  distance.  Accordingly  then,  a  low  cost  in  filling 
will  be  obtained  by  locating  the  silo  near  to  the  cultivated  fields 
and    below    them    so    that    maximum    loads    may    be    hauled. 
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Carrier  found  the  cost  per  ton  upon  31  farms  to  be  $0.64  and 
the  cost  per  acre  to  be  $5.98.  In  Nebraska  the  cost  was  found 
to  be  from  $1.75  to  $1.95,  while  in  New  Jersey  it  was  $1.30. 

FEEDING    SILAGE. 

As  stated  above,  when  feed  is  desired,  remove  the  spoiled 
portion  at  top  and  then  a  few  inches  each  day  so  that  no  silage 
will  be  exposed  sufficiently  long  to  spoil.  Professor  Krauss 
found  in  his  experience  with  the  first  silo  in  Hawaii  at  the 
Kamehameha  Schools  that  about  six  inches  must  be  removed 
daily  to  avoid  loss  by  molding.  Feed  small  amounts  until  ani- 
mals become  accumstomed  to  it.  As  the  silage  is  laxative  in 
its  effect  J  several  pounds  of  dry  feed  should  be  fed  with  it. 
Frozen  silage  causes  scouring  in  cattle  and  moldy  silage  is 
thought  to  have  killed  nine  horses  out  of  eleven  in  one  instance 
— the  horses  showing  symptoms  of  cerebro-spinal  meningitis. 

Tainted  milk  will  be  noticed  from  cows  fed  on  silage  unless 
they  are  fed  after  milking,  and  unless  the  stables  are  kept  clean 
and  well  aired,  and  the  milk  cared  for  and  removed  before  feed- 
ing the  silage.  The  amount  of  silage  to  feed  depends  upon 
the  vSpecies  of  animal  and  the  purpose  for  which  they  are  fed. 
Cattle  fed  for  maintenance  will  consume  from  20  pounds  to  70 
pounds  daily  depending  upon  the  amount  of  other  feed  fed,  and 
the  weight  of  the  animals.  Cows  in  milk — receiving  ''full  feed" 
will  consume  35 — 45  pounds  daily. 

Fattening  steers  may  be  fed : 

First  periods  without  grain 50-70  pounds. 

First  periods  with  grain 25-45  pounds. 

Last  period  with  grain 15-35  pounds. 

Horses  and  mules  received  21-30  pounds  with  grain  at  North 
Carolina  Station  (Bui.  189)  and  worked  full  time  and  gained 
slightly  during  the  experiment. 

Fattening  lambs — 5  to  8  pounds  with  grain.  Lambs  consume 
about  as  much  hay  as  silage  if  offered  both.  Cattle,  however, 
consume  much  large  quantities  of  silage. 

Conclusion.  That  silos  are  a  success  and  of  great  value  to 
stockmen  has  been  well  demonstrated  elsewhere.  That  they  are 
of  value  under  Hawaiian  conditions  has  been  demonstrated  at 
Kamehameha  School  and  upon  the  Parker  Ranch,  and  in  an 
experiment  with  an  old  cistern  in  Kula.  By  the  use  of  the  silo 
it  is  certain  that  a  supply  of  feed  may  be  held  over  from  times 
of  good  growing  weather  to  times  of  drouth.  This  means  a 
step  in  advance  over  the  present  system  in  which  at  times  great 
losses  occur. 
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Tin  Cans  vs.  Pots  for  Seedling  Plants. 

By 
E.  V.  WILCOX 

It  has  been  long  observed  in  the  work  of  propagation  at  this 
Station  that  young  seedHng  plants,  such  as  papaia,  mango, 
avocado  J  Christmas  tree,  etc.,  grow  more  rapidly  and  with 
greater  vigor  in  tin  cans  than  in  ordinary  florist's  pots.  A  set 
of  experiments  was  carried  out  to  determine  the  cause  of  the 
difference  in  growth.  It  was  assumed,  as  a  working  hypothesis, 
that  two  factors  were  involved — a  difference  in  evaporation  and 
a  possible  stimulation  due  to  the  tin  and  solder  of  the  cans. 

For  the  first  test  two  tin  cans  and  two  ordinary  flower  pots 
were  selected.  The  cans  were  3%  inches  in  diameter  and  the 
pots  5  inches  at  the  top  and  3  inches  at  the  bottom.  All  four 
containers  received  the  same  amount  of  potting  soil  by  measure, 
approximately  760  grams.  The  potting  soil  was  made  by  mixing 
3  parts  of  ordinary  clay  soil,  3  parts  of  rotted  manure  and  2 
parts  of  coral  sand.  It  had  been  sterilized  by  heat,  and  in  an 
air-dry  state  contained  about  10  per  cent  of  moisture.  To  each 
container  150  C.  C.  of  water  was  added,  bringing  the  moisture 
content  up  to  30  per  cent.  Holes  were  punched  in  the  bottom  of 
the  tins  and  the  pots  had  the  usual  drainage  hole.    The  cans  and 


pots  were  weighed  once  or  twice  daily,  and  were  brought  back 
to  the  original  weight  by  the  addition  of  water,  every  other  day 
at  first  and  later  every  day. 

During  a  period  of  17  days  the  total  loss  of  water  by  evapora- 
tion from  the  first  can  was  200  gm. ;  from  the  second  can  220 
gm. ;  from  the  first  pot  491  gm. ;  from  the  second  pot  489  gm. 
Averaging  the  loss  from  the  cans  and  pots,  the  evaporation  from 
pots  was  exactly  ly^  times  greater  than  that  from  tins.  The 
soil  was  not  shaken  or  in  any  way  disturbed  during  the  experi- 
ment. For  the  first  few  days  the  loss  of  water  from  the  pots 
was  three  times  that  from  the  tin  cans.  At  the  end  of  the  ex- 
periment it  was  only  twice  as  great.  The  difference  was  thus 
gradually  reduced  as  the  soil  became  packed,  reaching  in  about 
10  days  what  seemed  to  be  a  permanent  ratio  of  1  to  2.  The 
loss  of  water  shown  at  each  weighing  was  almost  precisely  the 
same  for  the  2  cans,  and  the  same  was  true  for  the  pots. 

In  a  well  ventilated  laboratory  room  and  in  a  ventilated 
glass-house  the  ratio  of  evaporation  from  tin  cans  and  pots 
remained  constant,  but  when  exposed  directly  to  the  sun  in  the 
free  air  the  tins  showed  a  relatively  greater  increase  of  evapora- 
tion than  the  pots.  This  was  due  to  the  rapid  penetration  of 
heat  through  the  tin.  Evaporation  was  of  course  greatly  affected 
by  the  humidity  of  the  air.  On  a  rainy  day  when  the  air  was 
saturated  with  moisture  the  evaporation  was  only  one  tenth  that 
of  the   following  clear,  dry  night. 

It  was  soon  found  that  in  order  to  secure  results  which  were 
comparable  from  day  to  day  it  was  necessary  to  bring  the  soil 
back  to  the  original  moisture  content  each  day.  Otherwise,  on 
the  second  day,  the  soil  on  the  surface  of  the  pots,  as  well  as 
that  in  contact  with  the  sides  becomes  much  drier  than  that  in 
the  tins,  and  the  evaporation  is  thereby  somewhat  checked. 

The  porosity  of  flower  pots  varies  greatly.  Some  of  them 
allow  the  water  to  pass  through  so  readily  that  an  efflorescence 
of  soluble  salts  is  formed  on  the  outer  side  of  the  pot.  In  order 
to  compare  the  rate  of  evaporation  from  the  exposed  upper  sur- 
face of  soil  in  tins  and  pots  a  pot  was  heavily  coated  by  dip- 
ping in  melted  paraffine,  received  the  same  moisture  content  as 
the  others  and  was  added  to  the  series.  No  evaporation  could 
take  place  through  the  side  of  this  pot.  The  ratio  of  the  surface 
of  the  soil  in  the  tins  and  pots  was  as  1 :1.5.  The  evaporation 
from  the  paraffined  pot  was   1.52  times  as  much  as  from  the 
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tins,  which  corresponds  very  closely  with  the  difference  in  ex- 
posed surface.  It  was  to  be  expected  that  the  difference  in 
evaporation  would  be  greater  than  the  difference  in  exposed 
surface,  for  the  reasons  that  the  tins  and  pots  contained  the 
same  amount  of  soil  and  that,  therefore,  the  greater  exposed 
surface  in  the  pots  entailed  a  relatively  still  greater  proportion 
of  the  soil  near  the  surface.  In  other  words  the  soil  in  a  pot  is 
more  exposed  to  evaporation  than  even  the  greater  surface  area 
would  indicate. 

In  order  to  determine  the  relative  amount  of  evaporation 
through  the  side  of  the  pot  and  from  the  upper  surface  of  the 
soil,  another  pot  was  added  to  the  series.  This  pot  was  covered 
so  as  to  prevent  any  evaporation  from  the  upper  surface  of  the 
soil.  During  the  period  of  the  experiment  the  sum  of  the  loss 
from  the  upper  surface  of  the  paraffined  pot  and  through"  the 
sides  of  the  covered  pot  almost  exactly  equaled  the  average  loss 
from  the  untreated  pots.  The  average  loss  for  a  period  of  3 
days  from  the  two  untreated  pots  was  40  gms.,  and  the  sum  of 
the  loss  from  the  paraffined  and  covered  pots-  was  39  gms.,  the 
covered  pot  losing  18  gms.  and  the  paraffined  pot  21  gms.  From 
these  figures  it  is  apparent  that  with  the  ordinary  flower  pot  52.3 
per  cent  of  the  evaporation  takes  place  from  the  top  and  47.7 
per  cent  through  the  side.  The  area  of  surface  (side  and  bot- 
tom) of  each  pot  in  contact  with  the  soil  was  58.6  square  inches, 
and  the  area  of  the  top  of  the  pot  17.8  square  inches.  From 
these  figures  and  those  of  total  evaporation  it  was  easily  calcu- 
lated that  the  evaporation  from  a  given  area  is  3.5  times  as 
fast  through  a  free  surface  of  soil  as  through  the  side  of  the 
pot.  The  greater  area  of  the  side  makes  the  evaporation  from 
the  side  -almost  equal  to  that  from  the  top. 

Young  uniform  seedlings  of  a  species  of  Schinus  (Christmas 
tree  or  Hawaiian  holly)  were  planted  in  10  cans  of  the  same 
size  as  those  used  in  the  above-mentioned  experiments  with  the 
same  quantity  of  potting  soil,  and  also  in  10  pots.  Five  of  the 
cans  and  five  of  the  pots  were  coated  with  paraffine  to  eliminate 
any  effect  which  the  containers  themselves  might  have  on  plant 
growth.  The  plants  in  all  the  tins  and  in  the  paraffined  pots  re- 
ceived 60  C.  C.  of  water  every  two  days,  and  the  unparaffined 
pots  120  CC.  Of  the  latter  5  pots  2  were  very  porous  while 
the  other  3  were  equally  porous  with  those  used  in  the  simple 


evaporation  test.  The  plants  were  as  near  uniform  as  possible 
at  the  start.  At  2  months  of  age  the  plants  in  the  2  very  porous 
pots  were  3j^4  inches  high,  those  in  the  3  medium-porous  pots 
4)/>  inches,  those  in  paratlnerl  pots  51/4  inches,  tliose  in  paraffined 
tins  6'/4  inches,  iliose  in  untreated  tins  TYz  inches.  The  height 
and  vig-or  of  the  plants  showed  a  regular  series  of  gradations, 
increasing  in  size  as  the  evaporation  from  the  container  de- 
creased { See  fig.  1 ) . 


At  the  age  of  2  mouths  2  pLints  in  untreated  pots  and  2  in 
untreated  tins  were  selected  for  daily  weighings.  The  soil  in 
all  4  containers  was  l3rought  to  a  nioistiu'e  content  of  30  per 
cent,  which  was  maintained  hy  bringing  it  back  daily  to  the 
original  weight  by  the  addition  of  water.  For  comparison  the 
2  pots  and  2  tins  from  the  previou-s  experiment  and  without 
fiiants  were  added  to  the  series.  The  loss  of  water  l)y  transpira- 
iion  was  calculated  Ijy  subtracting  the  loss  in  the  tins  and  potN 
without  plants  from  the  loss  from  the  pots  and  tins  with  plants. 
I'or  a  period  of  ten  days  the  total  e.va|ioration  from  the  two 
tins  witliout  plants  was  90  and  102  gms.  respectively,  and  the 


loss  from  the  two  tins  with  plants  301  and  295  gms.  showing  a 
transpiration  of  211  and  193  gms.  respectively.  For  the  same 
period  the  evaporation  from  the  2  pots  without  plants  was  186 
and  201  gms.  and  the  total  loss  from  the  pots  with  plants  was 
304  and  310  gms.  giving  a  transpiration  of  118  and  109  gms. 
respectively.  At  this  stage  of  growth,  therefore,  the  greater 
loss  of  water  by  evaporation  from  the  pots  was  approximately 
balanced  by  the  greater  transpiration  by  the  larger  plants  in  the 
tins.  A  careful  measurement  of  the  leaf  surface  was  made,  in- 
dicating the  leaf  surface  of  the  plants  in  tins  to  be  1.6  times 
greater  than  that  of  the  plants  in  pots,  while  the  transpiration 
was  twice  as  great.  The  plants  in  tins  were  growing  more 
vigorously  and  were  obviously  transpiring  more  water  per  unit 
of  leaf  surface. 

During  the  period  of  10  days  just  mentioned  the  4  plants 
outstripped  the  rest  of  the  group  from  which  they  were  selected. 
They  were  of  the  same  size  at  the  start  but  at  the  end  of  the 
10  day  period  the  two  plants  in  tins  were  3  inches  taller  than 
the  other  3  plants  in  tins  and  the  two  plants  in  pots  showed  a 
similar  increased  growth.  This  shows  the  importance  of  main- 
taining the  optimum  moisture  content  as  uniformly  as  possible. 
The  only  advantage  enjoyed  by  the  four  plants  which  made  the 
greatest  growth  consisted  in  the  fact  that  the  original  optimum 
moisture  content  of  the  soil  was  restored  each  day  by  adding 
precisely  the  amount  of  water  lost  by  evaporation  and  transpira- 
tion during  the  preceding  24  hours,  while  the  other  plants  re- 
ceived the  same  amount  of  water  each  day.  On  humid  days 
this  was  too  much  and  on  dry  days  it  was  too  little. 

The  great  advantage  of  using  tin  cans  rather  tlian  porous 
pots  seems  to  rest  in  the  fact  that  in  tins  it  is  easier  to  main- 
tain a  nearly  constant  moisture  content  without  a  rapid  drying 
of  the  soil  about  the  growing  roots.  This  results  in  a  more 
rapid  and  vigorous  growth.  Since  nearly  one-half  of  the 
evaporation  from  pots  takes  place  through  the  side  of  the  pot, 
the  movement  of  this  part  of  water  is  necessarily  in  a  horizontal 
direction.  Root  growth  responds  to  the  direction  of  the  water 
movements  in  soil.  Therefore,  the  roots  reach  the  side  of  the 
container  more  quickly  and  in  greater  numbers  in  pots  than  in 
tin  cans.  The  difference  in  this  regard  is  striking  in  all  plants 
with  which  we  have  experimented   (See  fig  2).     For  example 


seedling  papaias,  grown  in  pots,  show  a  felted  mass  of  roots  on 
the  outer  surface  of  ihe  ball  of  soil  in  the  pot.  After  watering 
the  .sc)il  rapidly  dries  by  escape  of  water  tbrough  the  side  of  the 
pot,  thus  leaving  the  young  reMJtlets  too  dry.  Ily  the  shrinkage 
of  the  soil  awa}^  from  tlie  side  of  the  |.)ot  in  drying  a  space  is 
formed  into  which  the  water  runs  upon  the  next  watering.  The 
roots  are  thus  alternately  exposed  to  the  air  and  submerged  in 
water.  In  tin  cans  these  conditions  do  not  occur.  Xo  w^atcr 
can  escai)e  through  the  tin.  The  moisture  content  of  the  whole 
l)all  of  soil  is  uniform  and  consequently  the  roots  distribute  them- 
selves imiformlv  throneh  the  mass. 


When  used  in  growing  seedling  plants  tin  cans  show  qwite 
extensiye  disintegration  within  a  year.  Under  the  influence  of 
oxygen,  tlie  soil  solution  and  plant  acids,  salts  of  tin,  zinc  and 
iion  arc  formed  from  the  can  and  solder.  'Hie  growing  tips  of 
rootlets  come  in  contact  with  the  side  of  the  can,  and  arc  in 
I^osition  to  absorb  these  mineral  salts.  .Xaturally  the  salts  of 
the  tin  and  zinc  in  the  soil  in  tin  cans  must  be  in  extreme  dilu- 
tion. L'uder  these  conditions  tin  and  zinc  are  known  to  stimu- 
late plant  growth,  lo  some  extent.     Micheels^''  found  that  colloidal 


(1906)    pp.   427-428. 
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tin  had  a  decided  stimulating  effect  on  wheat  and  oats.  Naka- 
miira^  showed  that  zinc  in  great  dilution  was  a  marked  stimulant. 
Similar  results  were  obtained  by  Silberberg.^ 

In  the  experiments  at  this  Station  plants  grown  in  untreated 
tin  cans  showed  a  better  color  and  a  more  rapid  growth  than 
those  in  paraffined  cans.  In  the  paraffined  cans  the  roots  could 
not  come  in  contact  with  the  tin.  Since  all  other  conditions  were 
the  same  it  is  necessary  to  conclude  that  the  substance  of  the  tin 
can  itself  exerted  a  slightly  stimulating  effect. 

For  the  practical  propagator  these  experiments  indicate  certain 
suggestions  of  considerable  value.  It  is  impossible  to  maintain 
the  moisture  content  of  the  soil  in  porous  pots  as  uniform  as  in 
tin  cans,  at  least  without  watering  them  three  or  four  times 
daily.  Even  then  there  are  lateral  movements  of  water  through 
the  side  of  the  pot,  which  bring  the  roots  to  the  outside  of  the 
ball  of  soil  where  the  variation  in  moisture  content  is  greater. 
In  these  experiments  5  inch  pots  containing  760  gms.  of  soil  lost 
about  29  gms.  of  water  daily  by  evaporation,  while  tin  cans  hold- 
ing the  same  amount  of  soil  lost  about  12  gms.  daily.  The  loss 
by  transpiration  depends  of  course  on  the  size  of  the  plant.  A 
seedling  Christmas  tree  10  inches  high  transpires  about  21  gms. 
daily,  and  one  5  inches  high  about  11  gms.  These  are  average 
figures.  The  amount  varies  according  to  the  humidity.  It  is 
obviously  important  to  maintain  the  moisture  content  of  the  soil 
as  nearly  as  possible  at  the  optimum  point.  This  can  be  deter- 
mined approximately  by  a  simple  test  similar  to  that  on  which 
this  bulletin  is  based.  A  measuring  device  for  watering  may 
then  be  used  by  which  approximately  the  right  amount  of  water 
can  be  applied  to  each  plant.  In  this  way  much  better  results 
will  be  obtained  than  by  guessing,  at  the  amount  of  water  re- 
quired. 

The  advantages  of  tin  cans  over  porous  pots  are  several. 
Flower  pots  are  expensive  in  Hawaii  since  we  have  no  material 
for  manufacturing  them  and  they  must  therefore  be  imported. 
Tin  cans  of  various  sizes  cost  nothing  except  the  trouble  of 
going  to  the  pineapple  canneries  for  them,  where  rejected  cans 
may  be  obtained  in  almost  any  quantity.  On  account  of  the 
flaring  top  of  pots  they  occupy  about  lj4  times  as  much  space 

2.  Bui.   Col.   Agric.   Tokyo   Imp.   Univ.   6    (1904)    pp.   147-152. 

3.  Bui.   Torrey   Bot.   Club   36    (1909)    pp.   480-500. 
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as  tin  cans  holding  the  same  amount  of  soil.  Pots  are  easily 
broken  in  handling,  while  tins  may  be  roughly  handled  without 
injury.  The  root  development  of  plants  is  better  in  tin  cans 
than  in  pots.  The  growth  of  plants  in  tins  is  faster  than  in 
pots,  for  the  reason  that  a  uniform  moisture  content  is  more 
easily  maintained  in  tins.  We  find  in  practice  that  plants  in  tin 
cans  will  thrive  well  when  watered  only  every  third  day,  under 
conditions  where  plants  in  pots  require  watering  every  day. 
This  brings  about  an  economy  in  the  cost  of  watering.  Finally 
there  is  a  slight  stimulating  effect  from  the  disintegrating  wall 
of  the  tin  can. 
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Corn  Culture  and  Improvement. 

By 

c.  K.  McClelland,  ageonomist. 

Corn  is  one  of  the  principal  forage  and  grain  crops  and  the 
chief  silage  crop  grown.  It  was  not  until  America  was  dis- 
covered that  this  valuable  plant  became  known  and  cultivated  in 
other  regions,  and  it  is  perhaps  not  to  be  wondered  at  that  a 
crop  which  has  such  a  wide  adaptability  to  soils  and  climate, 
should  find  its  largest  acreages  and  best  development  upon  the 
American  continent  where  it  originated.  In  both  North  and 
South  America  it  is  one  of  the  main  feeds  depended  upon  by 
dairy  men,  general  farmers,  and  stock  men.  In  Hawaii  it  has 
been  grown  for  years,  and  here  it  has  a  wide  range  of  adapt- 
ability, being  grown  under  various  conditions  of  soils,  moisture, 
elevation  and  seasons.  Upon  the  higher  lands  as  at  Kula  and 
Waikii,  it  is  planted  in  the  spring,  while  at  lower  elevations  it 
may  be  grown  at  any  time,  but  makes  its  best  growth  when  as- 
sured of  plenty  of  moisture  or,  upon  leeward  sides,  as  a  winter 
crop.  The  following  tables  gives  the  percentage  composition  of 
corn,  in  various  parts  and  conditions: 


DRY  GRAIN 

Fresh 
Silage 

FIELD  CURED 

Corn  & 

Cob 

Meal 

WATER  FREE 

Dent. 

Flint 

Sweet 

Fodder 

Stover 

Horny 
Por- 
tion 

Floury 
Por- 
tion 

Germ. 

Water 

Ash 

Protein 

Crude 

Fiber... 
Nit.  free 
Extract... 

Fat  

10.6 
1.5 

10.3 
2.2 

70.4 
5. 

11.3 
1.4 

10.5 
1.7 

70.1 
5. 

«.8 

1.9 
11.6 

2.8 
66.8 

8.1 

79.1 
1.4 

1.7 

6. 

11.1 

8. 

42.2 
2.7 
4.5 
14.3 
34.7 
1.6 

40.1 
3.4 
3.8 
19.7 
31.9 
1.1 

15.1 
1.5 
8.5 
6.6 

64.8 
3.5 

10. 
1. 

7. 
.8 

9.9 
19.8 

34.8 

Fodder  is  the  name  applied  to  the  entire  plant,  while  stover 
applies  to  stalk  and  leaves  after  removal  of  the  ears  and  may  or 
may  not  include  the  husks. 

In  structure  the  grain  is  made  up  of  the  embryo  or  germ ;  the 
endosperm,  consisting  of  white  and  horny  portions ;  and  the  outer 
covering  composed  of  the  deurone  layer  and  the  outer  hull,  the 
latter  being  in  turn  composed  of  several  parts  as  may  be  seen 
under  the  microscope.  Upon  one  side  of  a  kernel  or  grain  of 
corn  may  be  seen  a  depression  extending  from  near  the  bottom 
or  point  of  the  kernel  1-3,  1-2,  or  even  nearly  to  the  top  of  the 
kernel.  This  shows  the  position  and  size  qf  the  embryo.  When 
selecting  for  content  of  oil  or  protein,  kernels  with  large  em- 
br}^os  are  taken. 


Figure  1: 

A — large  embryo. 

B — sman  embryo. 

C — cross  section. 

D — spHt  kernel,  dent  corn. 

E— spHt  kernel,  flint  corn. 

F-shows^^po|ltlon  f„aleurone^  layer  (x);  and  flinty  (y)   and  white 

G — "shocking"  horse." 
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Fig.  1 — A,  B  and  C  show  the  position  of  the  embryo  in  whole 
kernels  and  in  cross  section.  If  the  grain  be  split  through  its 
two  largest  dimensions  the  floury  and  horny  portions  of  the 
endosperm  will  be  seen  as  in  figure  1 — D  and  E. 

Selections  to  increase  starch  content  must  be  made  of  kernels 
with  a  large  proportion  of  the  white  or  floury  portion.  To  in- 
crease protein  content  select  for  large  proportion  of  horny  por- 
tion and  also  for  large  embryo,  as  implied  in  the  table  giving 
composition  of  various  parts.  The  aleurone  layer  is  a  layer  of 
cells  occurring  beneath  the  outer  skin  and  may  be  seen  by  re- 
moving the  latter  (by  soaking  in  hot  water  for  about  15 
minutes.)  In  blue,  purple  or  black  corn  the  color  is  in  the  aleu- 
rone layer.  The  red  color  of  corn  lies  in  the  hull,  while  yellow 
and  white  colors  are  from  the  endosperm,  or,  to  less  extent,  from 
the  aleurone  layer.  As  between  the  yellow  and  white  varieties, 
which  are  the  ones  more  commonly  raised,  there  is  evidence  that 
white  varieties  yield  the  better  but  that  there  is  no  difference  in 
composition  or  feeding  value. 

SPECIES.i 

Corn  is  divided  into  six  agricultural  types  or  species,  known 
as  pod,  pop,  flint,  dent,  soft  and  sweet,  corn — or  maize  as  it  is 
known  beyond  the  boundaries  of  the  United  States. 

In  figure  1-D  will  be  seen  dent  corn  in  which  the  white  or 
floury  portion  of  the  endosperm  extends  to  the  top.  At  E,  flint 
corn  in  which  it  does  not. 

In  pop  corn,  nearly  all  of  the  endosperm  is  horny ;  in  soft  corn 
it  is  all  white ;  in  sweet  corn,  the  endosperm  is  nearly  all  horny 
in  appearance,  the  starch  having  been  reduced  to  sugar ;  in  pod 
corn  each  kernel  has  a  separate  husk  in  addition  to  that  covering 
the  ear. 

VARIETIES. 

The  varieties  of  these  species  are  innumerable.  Variations  oc- 
cur in  the  height  and  circumference  of  the  stalks,  in  the  length 
and  width  of  leaves,  in  the  position  at  which  the  ear  is  borne, 
in  the  number  of  ears,  in  the  length  and  circumference  of  the 
shank,  in  the  length  and  circumference  of  the  cob  and  ears,  in 
the  number  of  rows  of  kernels,  in  their  size,  shape,  color,  etc. 

1  Bulletin  No.  161,  Bureau  of  Plant  Industry,  TJ.  8.  Department  of  Agriculture  des- 
cribes another  type  of  corn  from  China  which  has  a  distinctly  waxy  endosperm. 


There  is  also  great  variation  in  the  time  required  for  maturity 
and  in  vigor  and  productiveness  of  different  varieties  under  dif- 
ferent conditions. 

There  are  many  well  established  varieties  of  each  type  of  corn, 
all  of  which  do  well  under  certain  conditions.  The  choice  of  a 
variety  of  corn  is  of  much  less  importance  than  the  improve- 
ment of  the  variety  when  once  chosen. 

Farmer's  Bulletin  No.  414  of  U.  S.  Department  of  Agriculture 
says  that  little  importance  can  be  attached  to  varietal  names  since 
the  seedsmen  keep  so  busy  interchanging  them  (or  renaming) 
and  the  wind  continually  mixes  varieties  by  cross  pollination. 

Vigor,  or  in  other  words  productiveness,  uniformity  and  adapt- 
ability to  soil  and  climate  are  the  important  things  to  consider. 
It  was  the  writer's  experience  under  semi-arid  conditions  of 
Western  Kansas  that  varieties  grown  there  for  a  score  of  years 
would  out  yield  newly  imported  varieties.  Probably  it  will  be 
equally  true  that  varieties  grown  for  sojne  time  in  Hawaii  will 
be  better  adapted  to  our  conditions  than  any  that  can  be  brought 
in.  Importation  however  should  continue,  but  only  upon  a  small 
scale,  in  attempts  to  secure  better  results.  Larger  yields  are 
likely  to  be  secured  by  later  maturing  varieties  under  good  con- 
ditions. However  where  the  supply  of  water  is  liable  to  be  cut 
off  by  drought,  early  maturing  varieties  may  excel. 

THE  SEED. 

According  to  Farmer's  Bulletin  No.  415  good  seed  is  seed  that 
is  adapted  to  soil  and  seasonal  conditions,  that  was  grown  on 
productive  plants  of  a  productive  variety,  and  is  well  matured 
and  has  been  preserved  with  full  vigor. 

When  seed  has  been  selected,  unless  already  well  dried,  it 
should  be  dried  as  soon  as  possible  and  kept  dry.  In  colder  cli- 
mates corn  containing  too  high  a  per  cent  of  moisture  is  injured 
or  killed  by  freezing.  In  any  climate,  it  pays  to  take  good  care 
of  the  seed.  Various  methods  of  storing  seed  are  in  use.  Braid- 
ing the  husks  of  several  ears  together  and  hanging  thern  in  shed, 
stable,  kitchen,  or  attic,  is  a  very  common  method.  Tying  sev- 
eral ears  on  a  string  and  suspending  from  a  rafter  is  also  quite 
common.  In  large  seed  houses  the  corn  is  usually  placed  on 
shelves,  an  elaborate  system  of  which  provides  storage  for  an 
immense  amount  of  seed.  Protection  against  rodents  and  insects 
should  always  be  provided. 


As  stated  under  ''yields 
and  the  stand  of  course 
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.''  tlic  yield  may  depend  upon  the  stand 
de|:)ends  upon  good   seed.     The  better 


seed  Tester, — ic 


For  shelled  seed  a  gfood  tester  is  made  by  using  two  ordinary 
plates  and  two  sheets  of  blotting  paper,  or  carpet  paper.  I'lace 
the  seed  upon  one  paper  in  a  plate  and  cover  witli  the  second 
paper,  put  in  sufficient  water,  and  invert  the  second  plate  over 
this  to  prevent  evaporation.  Keep  in  a  warm  place.  A  more 
scientific  method  of  testing  is  to  test  each  ear.  Take  a  shallow 
t)Ox  2'  to  3'  wide  by  4'  or  5'  long  and  2"  deep.  Drive  small  brads 
or  tacks  into  the  ecigcs  at  intervals  of  about  1%"  and  with  a 
string  divide  the  box  into  1%"  squares,  as  shown  in  figure  2 
f  first'  filling  the  box  wdth  sand.)  With  this,  as  many  ears  may 
be  tested  as  there  are  scpiares.  Place  ears  on  shelves  or  tables  in 
a  long  row,  driving  nails  after  each  ten  for  convenience  in  locat- 
ing the  ears.  Take  from  the  ears,  consecutively,  three  or  four 
kernels  from  difl'erent  parts  and  place,  consecutively,  in  the 
tester  and  moisten  and  cover.  With  this  simple  contrivance  any 
poor  ears  are  detected  and  thrown  out.  All  should  come  up  at 
once :  those  coming  first  are  generally  supposed  to  be  the  better, 


but  some  experiments  have  given  a  slightly  larger  yield  from 
those  coming  up  last.  After  testing,  the  seed  ears  must  be  shell- 
ed, preferably  by  hand,  but  always  discarding  tip  and  butt  ker- 
nels, which  being  odd  in  shape  and  size  interfere  with  uniform 
work  of  the  planter.  Seed,  from  the  tips  especially,  are  thought 
to  be  less  productive  and  are  more  likelv  to  be  moldy  and  to  have 
lost  their  vitality.  In  hand-shelling,  any  bad  kernels,  or  ears  hav- 
ing ill-shaped  kernels  may  be  more  readily  detected  and  dis- 
carded. 

SOILS  FOR  CORN,  AND  PREPARATION. 

Corn  for  its  best  development  requires  deep,  fertile  soil.  The 
alluvial  soils  to  be  found  in  the  river  bottoms  furnish  ideal  con- 
ditions for  this  crop.  These  would  be  described  as  silt  loam 
soils  containing  more  than  the  average  amount  of  humus.  Clay 
soils,  when  plenty  of  organic  matter  is  turned  under  and  mixed 
in,  and  when  sufficiently  well  drained,  will  produce  excellent 
corn.  Sandy  soils  do  not  require  the  organic  matter  to  ame- 
liorate their  physical  condition  like  the  clay  soils ;  they  need  it  to 
increase  their  fertility  and  moisture  holding  capacity. 

Ordinarily  deeper  plowing  is  done  for  corn  than  for  the  other 
grains — the  depth  must  be  determined  by  conditions  of  soil  and 
climate.  Sometimes  deep  plowing  would  facilitate  percolation 
and  again,  on  thin  soils,  it  would  expose  inert  material.  Whether 
to  plow  in  fall  or  spring  also  is  dependent  on  conditions  of  soils 
and  clirtiate,  and  upon  the  system  of  farming  practiced.  List- 
ing, as  explained  under  planting  is  a  substitute  for  plowing. 
When  double  listing  is  practiced,  the  first  listing  is  given  in  late 
summer  or  fall  leaving  the  surface  ridged  and  exposed  until 
planting  seas>on,  when  the  second  listing  destroys  these  ridges 
and  creates  others  where  the  furrows  were.  On  Usted  ground, 
if  the  furrows  run  nearly  level,  surface  drainage  is  checked  and 
water  allowed  to  percolate;  if  the  furrows  run  "up  and  down" 
surface  drainage  is  aided  and  a  loss  of  water  results.  With 
soils  more  or  less  granular  in  structure,  as  on  the  Great  Plains, 
listing  at  right  angles  to  the  prevailing  wind  retards  blowing. 
With  floury  soils,  as  in  parts  of  Hawaii,  less  benefit  would  likely 
result. 

The  after  preparation  for  corn  depends  largely  upon  the  con- 
dition of  soil  after  plowing.  If  the  soil  is  exposed  and  left  in 
large  clods,  these  must  be  broken  up  by  disc  harrows.     If  the 


clods  are  small,  a  few  days  of  exposure  to  sun  and  wind,  fol- 
lowed by  a  harrowing  with  a  spike-tooth  harrow,  will  leave  the 
ground  in  fair  shape  for  planting.  Except  with  the  two  horse 
planter  which  carries  its  own  marker,  or  for  grain  drills,  the 
field  must  be  marked  off  for  planting.  By  running  a  plank  drag 
over  the  field  or  otherwise  smoothing  the  surface,  the  track  of  a 
marker  may  be  more  easily  seen.  In  the  South  many  animals 
are  trained  so  well  that,  with  the  one  row  planter,  no  previous 
marking  is  necessary,  the  animals  keeping  the  required  distance 
from  each  preceding  row.  For  planting  with  the  hand  planters 
fields  are  usually  checked  with  sleds  having  three  or  four  run- 
ners spaced  at  proper  distances  for  rows.  Upon  the  return  trip 
across  the  field  each  time,  one  runner  follows  the  outer  track  of 
the  previous  trip  so  that  all  rows  are  at  uniform  intervals.  For 
planting  with  hand  hoes,  the  work  is  made  easier  if  the  field  is 
marked  with  a  small  plow.  The  corn  can  then  be  dropped  in 
the  furrow  and  covered  with  the  hoe,  avoiding  the  necessity  of 
.digging  a  small  opening  for  the  seed  or  of  planting  right  at  the 
surface. 

The  season  for  planting,  as  stated,  may  vary.  Corn  requires 
higher  temperature  than  do  small  grains,  both  for  germination 
and  growth,  and  makes  its  best  growth  in  hot,  humid  sections. 
Cold  nights  tend  to  check  its  growth  and  hasten  maturity.  At 
higher  elevations  then  it  should  not  be  planted  until  the  nights 
become  warmer. 

PLANTING  CORN. 

The  operation  of  planting  may  be  performed  by  man  and  hoe 
first  lining  off  the  field  in  one  or  both  ways  accordingly  as  one 
desires  to  plant  in  checked  hills  or  simply  in  drills.  In  this 
manner  possibily  one  man  can  drop  and  cover  two  acres  per  day. 

With  a  hand  corn  planter  or  "corn  jabber"  each  man  can  plant 
4  or  5  acres  a  day.  With  a  single  row,  one  horse  planter,  8  or  9 
acres  may  be  easily  covered  while  with  a  two  row  planter,  15  or 
16  acres  is  a  fair  day's  work.  However,  if  the  hills  are  "check- 
ed" with  the  latter  machine  slightly  less  can  be  accomplished. 
The  checking  device  consists  of  a  wire  chain  90  rods  long  which 
has  a  sort  of  knot  at  regular  intervals  of  40"-44"  throughout  its 
length.  The  chain  is  staked  at  each  end  of  the  rows  and  as  the 
team  goes  along  the  chain  slides  through  the  planter  each  "knot" 
opening  the  planting  device.     If  the  ground  surface  is  level,  and 
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if  the  chain  is  so  placed  that  the  first  hill  of  each  row  comes  in 
line  with  the  first,  hill  of  the  preceding  rows, — then  when  planted 
the  field  will  be  well  "checked''  and  the  corn  may  be  cultivated 
in  either  direction.  The  chain  must  be  reset  after  each  trip 
across  the  field.  Ordinary  grain  drills  may  be  used  in  planting 
corn,  using  every  fourth,  fifth  or  sixth  hoe  only,  stopping  the 
others  with  pieces  of  cardboard  or  tin  over  the  various  openings 
in  ^  the  seed  box.  The  amount  of  seed  used  will  be  excessive, 
especially  if  kernels  are  small.  Thinning  the  stand  will  be  ne- 
cessary. Sprockets  for  planting  corn  and  beans  in  hills  usually 
are  sold  with  ordinary  grain  drills  now.  With  these  less  thin- 
ning becomes  necessary.  Grain  drills  are  much  heavier  than 
corn  planters  and  require  more  power. 

Listing  corn  is  a  practice  common  in  the  arid  and  semi-arid 
sections  of  the  states.  The  ground  may  have  been  ])re\iously 
prepared  by  plowing  or  by  listing  but  often  such  work  is  not 
done.  The  lister  is  a  double  moldboard  plow  like  a  "middle- 
burster."  To  this  is  attached  a  planting  device  similar  to  that 
upon  ordinary  planters.  The  corn  is  planted  in  the  furrow  im- 
mediately behind  the  plow.  The  soil  here  is  moist  but  some- 
times rather  cold.  Subsequent  cultivation  fills  the  furrow  so  that 
when  corn  is  laid  by  the  surface  is  fairly  level.  Listing  is  a  sub- 
stitue  for  plowing  in  which  only  about  y2  (or  less)  of  the  land 
is  really  turned.  If  double  listed  the  work  more  nearly  cor- 
responds to  plowing.  The  advantages  are  that  plowing  and 
planting  are  done  at  one  operation  and  the  corn  is  in  furrows 
protected  from  the  wind  while  very  small,  and  getting  full  ad- 
vantage of  all  moisture.  With  heavy  rains  occurring  while  corn 
is  small — especially  upon  heavy  soils,  the  crop  would  be  drown- 
ed out  and  would  have  to  be  replanted. 

A  special  type  of  cultivator — called  a  lister  cultivator — is  ne- 
cessary to  work  listed  corn  while  it  is  small.  With  three  horses, 
7y2  to  8  acres  a  day  may  be  listed  and  with  a  double  row  lister, 
15  to  16  acres  should  be  planted  in  ten  hours.  Experiments  to 
compare  listing  with  surface  planting  result  sometimes  in  favor 
of  one  method — and  sometimes  in  favor  of  the  other.  The  depth 
at  which  to  plant  is  determined  by  the  nature  of  the  soil  and  the 
moisture  content.  Corn  may  be  planted  deeper  in  loose  dry  soil. 
The  distances  at  which  to  plant  must  be  determined  by  actual  ex- 
perience extending  over  several  years.  The  fertility  of  the  soil, 
its  moisture  holding  capacity,  the  rainfall  and  the  variety  grown 


are   factors   which  largely  determine  the   optimum  number   of 
stalks  per  acre. 

Hunt  in  his  ''Cereals  in  America"  says  21,780  stalks  in  Con- 
necticut, and  2,184  stalks  per  acre  in  Georgia  are  cited  as  having 
given  best  results.  In  Ohio  about  12,000  per  acre  are  usually 
planted,  which  is  equivalent  to  three  stalks  per  hill  planted 
3x3'6";  orVx3'&'  in  the  drill,  which  is  the  rate  over  a  consider- 
able portion  of  the  corn  belt.  In  the  South  where  soils  are  thin 
and  hot  dry  summers  prevail — single  stalks  6x2  or  4x3  are 
usually  planted,  or  3630  stalks  per  acre.  When  the  rows  are 
placed  4J^  to  5  feet  apart,  cowpeas  in  single  or  double  rows  are 
always  interplanted. 

CULTIVATION  OF  CORN. 

The  objects  of  cultivation  are  to  conserve  moisture  and  to 
prevent  growth  of  weeds.  The  latter  take  up  moisture  and 
available  plant  food  which  should  go  to  nourish  the  crop.  Ex- 
periments show  that  no  crop  will  be  obtained  where  W'  eds  are 
allowed  to  grow  undisturbed.  The  preservation  of  a  soil  mulch 
to  conserve  moisture  is  more  or  less  important  where  rain  fall  is 
deficient.  In  recent  experiments,  as  good  returns  have  been  ob- 
tained by  hoeing  off  weeds  as  by  cultivating  which  proves  that 
deep  cultivation  is  unnecessary.  Hoeing  is  expensive  and  the 
hard  surface  resulting  does  not  readily  allow  percolation  of  fall- 
ing water — so  that  cultivation  is  preferable.  Deep  cultivation 
seriously  injures  older  corn  and  is  unnecessary  on  young  corn 
unless  the  preparation  of  soil  before  planting  was  poorly  done. 
Ordinarily  the  first  cultivation  of  corn  is  made  with  a  light 
smoothing  harrow.  This  is  a  cheap  means  of  destroying  weeds 
as  they  first  start  to  grow  and  the  corn  being  more  firmly  rooted 
is  not  injured.  The  next  cultivation  must  be  very  thoroughly 
done  with  small  shovels  next  to  the  rows — or  with  fenders  used 
to  prevent  the  covering  of  the  corn  but  allowing  enough  dirt  to 
be  moved  to  cover  the  weeds  in  the  row.  If  this  is  done  at  the 
proper  time  no  hoeing  will  be  necessary  even  for  corn  in  drills. 
If  wet  weather  prevents,  the  weeds  get  the  start  and  are  m.uch 
harder  to  eradicate,  in  which  case  the  corn  in  checks  is  more 
easily  cleaned  since  it  can  be  cultivated  in  two  directions. 

The  two  following  cultivations  throw  a  little  dirt  to  the  row 
and  clean  the  middles — at  the  same  time  preserving  the  soil 
mulch.     In   case   weeds   get   beyond   control,   a    disc   cultivator 
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which  will  throw  considerable  dirt  to  the  row  may  be  the  means 
of  saving  the  crop.  Ordinarily  however  it  is  best  not  to  ridge 
the  corn,  since  in  a  ridged  surface  more  evaporation  takes  place. 
Where  rains  are  too  plentiful,  however,  ridging  protects  the 
corn.  It  is  a  common  idea  that  ridging  is  necessary  m  places 
exposed  to  the  wind,  but  such  is  not  always  the  case.  Where 
the  wind  has  been  continuous,  where  the  growth  has  been 
medium  rather  than  rapid,  and  where  the  ears  are  borne  low,  the 
com  is  not  easily  blown  down. 

THE  MOISTURE  REQUIREMENTS  OF  CORN. 

Prof.  King,  of  Wisconsin,  found  that  to  produce  1  ton  of  dry 
matter  in  corn  270  tons  of  water  were  required,  an  equivalent  of 

2.4  acre  inches.  Hunt  states  that  at  the  Illinois  Station  from  18 
different  varieties  upon  18  tenth-acre  plats,  with  a  rainfall  during 
the  growing  season  of  13" — 32  bushels  of  dry  shelled  grain  was 
obtained  per  acre;  while  in  the  following  year  with  same  va- 
rieties upon  the  same  plots,  similarly  tilled,  but  with  221/2"  rain- 
fall, the  yield  was  94  bushels  per  acre.       This  shows  a  gain  of 

6.5  bushels  for  each  inch  of  rainfall  above  13''.  The  distribution 
of  rainfall  is  as  important  as  the  amount.  From  the  time  that 
the  ears  begin  to  develop  any  lack  of  moisture  will  be  shown  in 
the  yield,  and  a  full  crop  is  assured  only  when  corn  receives  a 
plentiful  supply  of  moisture  during  this  stage  of  its  growth. 
Where  it  is  known  that  rainfall  at  such  time  is  not  to  be  de- 
pended upon,  conservation  of  moisture  by  clean  shallow  cultiva- 
tion must  be  practiced.  In  some  sections  earlier  maturing  va- 
rieties may  prove  advantageous  over  later  ones  now  grown,  since 
the  ears  will  be  filling  out  at  an  earlier  date,  before  the  effect 
of  lack  of  rain  is  felt. 

FERTILIZING  REQUIREMENTS. 

Profitable  crops  of  corn  have  been  grown  in  Illinois  and  other 
states  of  the  corn  belt  upon  the  same  soil  for  as  many  as  60 
years.  This  could  be  done  only  on  a  fertile  soil,  yet  nobody  at 
this  time  is  ignorant  of  the  fact  that  such  a  practice  results  in 
depleting  the  fertility  of  the  sDil.  According  to  tables  in  Henry's 
Feeds  and  Feeding  a  ten  ton  crop  will  remove  58  lbs.  Nitrogen, 
22  lbs.  phosphoric-acid  and  78  lbs,  of  potash.  Where  only  the 
grain  is  removed,  the  figures  would  be  46,  20  and  16,— much  of 


e  potash  being-  foiiiid  in  the  stover.     Such  a  drain  upon  the 
rtiiitv  for  a  score  or  more  of  rears  would  ruin  anv  but  the 


l^>ariiyartl  manin"e  has  been  fomid  to  be  the  best  fertilizer  tor 
corn.  Organic  mater  in  any  form  increases  the  production. 
Where  rotations  are  practiced,  the  manure  is  applied  to  old 
meadows  and  the  stubble  and  roots  there  found  also  help  to  in- 
crease the  amount  of  organic  matter.  Commercial  fertilizers  are 
of  value,  but  not  to  the  same  extent  as  for  small  grain  crops. 
This  is  true  also  upon  Ha\¥aiian  soils.  Fig,  3  shows  the  results 
of  manure,  and  of  commercial  fertilizer  upon  corn  grown  on 
Kanai.  When  fertilizers  are  applied,  one  analyzing  8  to  9  per 
cent  phosphoric  acid,  1  to  2  per  cent,  nitrogen  and  2  to  4  per 
cent,  of  potash  is  usually  recommended,  in  applications  of  200  to 
400  lbs.  per  acre. 

ROTATIONS  for  corn  are  various  because  of  the  great  va- 
riation in  crops  grown  in  different  places.  Rotations  generally 
consist  of  corn,  some  one  of  the  small  grains,  and  hay  crops,  iii- 
ckidiue:  a  legume  for  enrichment  of  the  soil. 
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In  the  Northeast  states  corn  occurs  in  rotations  with  oats  and 
with  timothy  mixed  with  clover.  In  the  Southern  states  corn 
and  cotton  occur  in  two  year  rotations,  cowpeas  being  planted  in 
the  corn.  In  some  sections  a  three  year  rotation  is  practiced, 
winter  oats  followed  by  cowpeas  being  included  with  the  corn 
and  cotton. 

In  Hawaii  corn  may  be  grown  as  an  annual  crop — but  in  ro- 
tation with  such  winter  crops  as  oats,  wheat,  rye,  barley,  either 
alone  or  mixed  with  some  such  legume  as  red,  alsike,  crimson  or 
burr  clover  (^)  or  with  cowpeas,  velvet  beans,  vetches. 

Above  or  near  the  frostline,  some  one  of  the  small  grains,  with 
a  hardy  legume  such  as  the  clovers  and  vetches,  could  be  grown 
and  pastured  off  and  cut  for  hay,  or  turned  under  for  green 
manure. 

In  the  central  West,  wheat  often  follows  corn,  being  planted 
in  the  standing  corn  in  September  or  October.  For  this  pur- 
pose a  small,  one-horse,  five  disc  drill  costing  $12.00  to  $15.00 
is  used.  Wheat  makes  excellent  pasture  during  winter  months 
and  a  fair  yield  of  grain  in  the  summer,  additional.  Probably 
rye  or  wheat  will  prove  more  valuable  for  early  planting  in  corn, 
and  oats  or  barley  for  late  planting.  Seeds  of  all  of  the  legumes 
are  very  expensive  and  this  fact,  together  with  the  uncertainty 
of  obtaining  a  full  stand  accounts  for  the  rare  use  of  legumes  as 
winter  crops.  Small  grains,  however,  should  be  grown  where- 
ever  possible  to  prevent  leaching  or  blowing  of  the  soil,  and  to 
furnish  pasture  and  green  manure.  The  only  objection  that  can 
be  given  to  their  use  is  that  to  obtain  full  value  for  them,  only 
spring  plowing  is  possible  and  even  this  must  be  postponed  until 
the  last  possible  moment — ^thus  making  an  excess  of  work  to  be 
done  within  a  comparatively  short  time.  Fall  and  winter  plow- 
ing are  thought  to  be  necessary  for  some  soils — to  allow  for 
action  of  frost  and  to  permit  percolation  of  rainwater.  The 
growing  of  a  winter  cover  crop  accomplishes  practically  the 
same  result  in  milder  climates — ^the  roots  improve  the  physical 
condition  of  the  soil,  the  tops  induce  percolation  by  preventing 
surface  drainage ;  and  the  cover  crop  has  two  advantages  in  that 
it  also  prevents  leaching  of  plant  food  during  heavy  rains  and 
furnishes  material  for  green  manuring. 

(1)   Clovers  should  be  first  tried  out  upon  a  small  scale  and  their 
value  for  the  given  conditions  determined 
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INTER-CROPPING. 

In  parts  of  the  South,  or  upon  some  soils  where,  because  of 
thinness  of  soil  and  danger  of  drought,  more  space  is  allowed 
individual  plants — the  intervening  spaces  are  to  some  extent  filled 
by  planting  cowpeas.  On  richer  soils,  where  moisture  is  plenti- 
ful, the  same  practice  obtains,  notably  in  the  cane  sugar  districts 
of  Louisiana.  The  cowpeas  may  be  scattered  and  covered  when 
"laying  by"  the  corn  or  they  may  be  planted  in  rows  between  the 
corn  with  the  one-horse  corn  planter.  Soybeans,  Jack  beans, 
velvet  beans,  garden  peas,  navy  beans,  dwarf  Lima  beans  or 
other  garden  or  truck  crop  might  be  similarly  planted  for  en- 
richment of  soil,  and  for  food  purposes.  As  stated  under  the 
subject  of  rotations,  small  grains  are  likewise  planted  between 
rows  of  corn.  In  the  North,  prior  to  the  days  of  the  corn  har- 
vester, pumpkins  were  well  esteemed  as  a  plant  to  grow  with 
corn. 

DISPOSAL  OF  CORN  STALKS. 

When  uncut  stalks  are  fed  as  a  soiling  crop,  or  as  stover,  there 
is  considerable  waste  in  the  large  part  of  the  stalk  uneaten — 
much  more  of  course  when  the  dry  stover  is  fed.  When  the 
stover  is  shredded  or  the  fodder  cut  into  silage,  the  per  cent,  of 
waste  is  but  very  small.  If  fed  to  the  cattle  in  pastures  the 
waste  may  be  distributed  by  feeding  always  in  a  different  place. 
When  fed  in  stables  or  feed  lots  the  waste  material  must  then 
be  hauled  out  and  scattered  where  wanted — usually  upon  the 
cultivated  fields.  When  left  in  the  field  standing,  the  stalks 
are  grazed,  broken  and  trampled  down  by  the  livestock  which 
are  usually  turned  in  to  feed  upon  leaves  and  immature  ears, 
grass,  etc.,  in  the  field.  The  pasturing  of  corn  stalks  is  attended 
with  some  danger.  Epidemics  of  cerebro- spinal  meningitis 
(corn-stalk  disease)  have  occurred  quite  frequently  in  late  years. 
Particularly,  when  wet,  and  the  leaves  and  immature  ears  be- 
come moldy — and  when  the  stock  have  access  to  no  green  feed, 
is  there  danger  in  such  pasturing.  Care  should  be  taken  to  first 
turn  stock  into  corn  fields  only  when  they  have  full  stomachs — 
to  prevent  overfeeding  upon  the  unaccustomed  dry  material. 

Whether  pastured  or  not,  there  is  a  large  amount  of  material 
left  upon  the  field,  the  disposition  of  which  varies  in  different 
regions.  Usually  to  flatten  down  the  stalks  a  heavy  timber  16' 
to  20'  long  is  dragged  across  the  field,  taking  several  rows  at 
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once.  With  level  smooth  fields  longer  tmibers  with  a  team  at- 
tached to  each  end  may  be  used.  In  early  morning  when  the 
ground  is  frozen  slightly  is  considered  the  proper  time  for  this 
work  in  the  corn  belt.  The  next  step  is  to  rake  the  stalks  into 
windrows  with  a  hay  rake  and  burn  them,  after  which  the 
ground  may  be  more  easily  plowed  and  prepared  for  the  follow- 
ing crop. 

Where  wheat  has  been  planted  in  the  corn,  the  stalks  are  not 
burned  but  are  left  and  turned  under  when  plowing  the  wheat 
stubble. 

To  avoid  the  loss  in  vegetable  matter  caused  by  burning,  stalk 
cutters  are  now  coming  into  use  and  except  where  the  mass  of 
material  is  excessive,  they  so  cut  the  stalks  that  the  pieces  are 
easily  turned  under  with  the  plow.  These  implements  are 
made  in  one-row  and  two-row  styles  and  have  several  blades  on 
a  revolving  head — the  blades  cutting  the  stalks  against  the  soil, 
which  must  be  rather  firm,  into  pieces  perhaps  8"  long. 

THE   MAINTENANCE   OF   THE   FERTILITY   OF   OUR 
CORN   LANDS. 

In  Hawaii  where  there  is  a  limited  area  adapted  to  the  pro- 
duction of  corn  the  maintenance  of  fertility  is  important.  As 
stated  under  the  subject  of  fertilizers,  organic  matter  is  very 
valuable.  The  destruction  of  organic  matter  by  burning  should 
in  no  case  be  allowed.  The  practice  is  common  in  Kula  but 
should  be  changed.  All  of  the  stalks  and  all  manure  obtainable 
should  be  turned  under  to  form  humus.  Legumes  should  be 
grown  to  aid  in  replenishing  the  supply  of  nitrogen.  The  Cor- 
nell station  has  demonstrated  that  the  legume  crop  fertilizes  the 
non-legume  crop,  when  the  two  are  grown  together,  as  well  as 
storing  up  nitrogen  for  future  crops.  Winter  cover  crops  to 
prevent  leaching,  washing,  or  blowing,  and  to  be  plowed  under 
for  green  manure,  are  invaluable.  Longer  rotations,  in  which 
corn  appears  not  more  often  than  once  in  two  or  three  years, 
should  be  tried,  if  the  other  crops  can  be  made  at  all  profitable. 

The  keeping  of  livestock,  the  feeding  of  the  field  products,  and 
the  sale  of  finished  products  rather  than  of  raw  materials,  are 
well  recognized  methods  of  avoiding  depletion  of  fertility.  In 
case  of  the  sale  of  products  which  are  grown  at  great  expense 
of  fertility,  some  return  should  be  made  by  purchasing  or  grow- 
ing fertilizing  materials  to  make  up  for  the  loss. 
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HARVESTING  CORN. 

The  time  of  harvesting  or  stage  of  maturity  depends  upon  the 
product  desired.  For  silage,  corn  is  cut  while  still  green.  For 
grain  only,  corn  is  left  until  some  time  after  becoming  mature. 
For  grain  and  stover,  corn  is  cut  when  lower  leaves  are  dry- 
ing. For  more  grain  than  stover,  leaves  or  tops  may  be  re- 
moved while  yet  green,  but  the  stalk  and  ear  left  until  later. 

There  are  several  different  methods  in  vogue  in  the  United 
States  for  handling  the  corn  crop,  and  in  some  cases  the  work  is 
divided,  the  grain  and  roughage  being  hiarvested  separately. 

In  the  South  there  is  much  less  livestock  kept  than  in  the 
North,  and  but  little  of  the  roughage  is  harvested.  In  some 
sections  it  is  the  custom  to  go  through  the  fields  just  previous 
to  the  time  when  the  leaves  begin  to  dry  and  strip  them  from 
the  stalks.  Small  bundles  of  these  leaves  are  hung  to  stalks  to 
dry,  after  which  they  are  stored  for  feeding.  The  leaves  when 
saved  thus  make  valuable  feed,  but  the  process  is  an  uneco- 
nomical one. 

Another  method  practiced  in  some  sections  is,  when  the  lower 
leaves  have  dried,  to  go  through  and  cut  off  the  stalks  just 
above  the  ears.  These  tops  are  tied  in  bundles,  shocked  for  a 
time  to  dry,  then  stored  for  future  use.  This  feed  is  less 
valuable  than  equal  weights  of  "pulled  fodder,"  and  the  amount 
of  labor  involved  makes  the  feed  expensive  also. 

In  iall  sections  of  the  South  the  corn  is  pulled  from  the  stalks 
with  %  or  all  of  the  husk  left  on  to  protect  the  corn  from 
weevils.  To  safely  store  corn  in  the  husk  or  "shuck"  it  is  ne- 
cessary to  allow  it  to  become  thoroughly  dry  before  harvesting. 
The  corn  is  fed  in  the  ear,  the  husking  being  done  at  the  time 
of  feeding.  After  the  corn  is  harvested,  livestock  are  usually 
turned  in  to  get  what  feed  they  can  from  the  standing  stalks 
and  from  cowpeas  which  are  usually  planted  in  the  corn. 

In  the  Northern  states,  East  of  the  corn  belt  proper,  it  is  the 
practice  to  cut  and  shock  the  entire  plant  at  first  signs  of  ma- 
turity, or  when  frosted,  but  preferably  a  few  days  before  frosts 
are  to  be  expected.  After  curing  for  six  or  eight  weeks  the 
corn  may  be  husked  from  the  shocks  or  the  shocks  m«ay  be 
hauled  and  stored  and  the  husking  done  at  odd  times  during 
the  early  winter  months.  An  active  man  can  cut  and  shock 
an  acre  a  day,  except  in  very  heavy  corn.     A  "shocking  horse" 
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or  "corn  saddle"  is  used.  The  former  consists  of  a  Ij^^xlj^" 
xl8'  pole,  supported  at  one  end  by  two  diverging  legs  at  a 
height  of  3'  to  5',  depending  upon  the  height  of  the  corn.  A 
few  feet  back  from  these  supports  a  slender  iron  rod  4'  long 
passes  through  a  hole  in  the  pole.  In  the  angles  thus  made  the 
corn  is  shocked  well  bracing  the  stalks  toward  the  center;  the 
shock  is  tightly  bound  near  the  top,  the  rod  is  removed,  and  the 
horse  is  then  carried  forward  for  the  next  shock. 

The  corn  saddle  is  made  by  bending  the  stalks  from  four  hills, 
situated  at  the  corners  of  a  square  about  3j4'  on  a  side,  toward 
a  central  point  and  tying  one  about  another  until  a  support  is 
made  against  which  the  corn  is  shocked  as  above  described. 
When  removing  such  shocks  however,  it  is  first  necessary  to 
locate  and  sever  the  stalks  of  the  support  which  were  not  cut 
at  harvest  time.  Shocks  made  by  this  method  retain  their  shape 
and  preserve  the  corn  usually  better  than  those  made  by  the 
first  method,  especially  in  stormy  weather.  The  feed  loses 
value  so  quickly  in  such  weather  that  the  aim  is  to  get  it  under 
cover  as  soon  as  possible  and  the  former  method  entails  less 
labor  both  at  harvest  and  hauling  time. 

From  25  to  50  shocks  are  made  per  acre  depending  on  the 
amount  of  corn  there  is  present  and  the  stage  of  maturity  and 
weather  conditions.  With  drying  weather  and  corn  nearly  ma- 
ture larger  shocks  may  safely  be  made,  while  otherwise  small 
shocks  should  be  made.  Where  the  corn  is  to  be  fed  to  fatten- 
ing cattle  the  entire  plant  may  be  fed  without  any  husking. 

The  stover,  whether  the  husking  has  been  done  in  the  field  or 
in  the  barn  is  fed  out  to  livestock  during  the  winter,  most  of 
the  uneaten  portion  being  returned  to  the  land  with  the  manure. 
Within  recent  years  the  above  method  has  been  modified  by  the 
use  of  buskers  and  shredders.  These  are  power  machines  which 
remove  the  ear  from  the  stalk  and  husk  it,  and  shred  the  stalks 
and  leaves,  delivering  corn  into  a  wagon  and  stover  into  barn  or 
stack.  In  this  way  much  hand  labor  is  avoided,  the  work  of 
husking  is  not  drawn  out  for  several  weeks,  and  the  resulting 
feed  is  more  completely  consumed. 

Shredded  stover,  unspoiled,  makes  excellent  feed,  provided 
the  corn  was  not  damaged  by  too  long  exposure  in  the  shocks. 
When  shredded,  the  stover  is  easily  spoiled  by  molding  unless 
perfectly  dry  at  time  of  shredding.  The  writer  recalls  that 
three  methods  were  used  to  avoid  loss  by  molding: — (a)  if  pos- 
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sible  to  shred  at  intervals  of  a  few  weeks  so  as  not  to  have  the 
shredded  stover  in  too  large  piles;  (b)  to  mix  oat  or  wheat 
straw  with  alternate  layers  of  the  stover;  (c)  to  shred  only  in 
cold  weather  and  when  stover  was  perfectly  dry. 

In  this  same  region  also  it  must  be  remembered  that  the  silo 
is  in  common  use  for  preserving  a  part  of  the  corn  crop.  For 
cutting  the  corn  for  silage  and  to  some  extent  also  for  cutting 
it  for  the  shock,  the  corn  harvester  is  now  in  use,  but  the  cost 
of  cutting  has  been  reduced  only  slightly.  For  silage  late  ma- 
turing Southern  varieties  have  been  used  but  the  silage  there- 
from was  very  "s,appy" ;  ordinary  late  varieties,  if  cut  at  the 
proper  time,  make  about  the  same  amount  of  dry  matter  per 
acre. 

In  the  corn  belt  proper,  the  acreage  in  corn  is  so  large  that 
the  harvesting  of  the  entire  crop  would  produce  an  unnecessary 
amount  of  feed  and  the  work  of  saving  it  would  have  been  al- 
most impossible  in  many  cases.  Some  corn  is  placed  in  silos, 
some  is  shocked  and  possibly  shredded,  but  over  by  far  the 
larger  area,  the  corn  is  husked  from  the  standing  crop,  after 
which  livestock  are  turned  in  to  pick  up  what  they  can.  For 
this  work  the  wagon  is  fitted  with  an  ordinary  double  wagon 
box  (holding  about  50  bu.  of  wheat)  along  one  side  of  which 
boards  or  a  woven  screen  on  a  frame  is  erected,  making  the 
side  about  four  feet  higher  than  the  opposite  one.  The  corn 
is  thrown  against  this  "throwboard"  or  *'bump  board"  by  the 
husker  (who  seldom  glances  at  it)  and  falls  back  into  the  box. 
The  wtagon  box  is  also  fitted  with  a  hinged  rear  end-gate,  in 
place  of  the  regular  one,  known  as  a  "shoveling  board''  or  corn 
end-gate.  This  can  be  dropped  to  a  horizontal  position  and 
shoveling  commenced  at  once  without  any  hand  work,  when  the 
crib  is  reached.  The  capacity  of  these  boxes  is  figured  as  one 
bushel  for  every  inch  in  height,  plus  four  for  the  shoveling 
board  which  lengthens  the  box  a  few  inches.  A  36"  box  would 
hold  40  bu.  A  steady  team  that  will  follow  the  row  and  start 
and  stop  when  told  is  necessary.  After  a  few  days  at  the  work, 
the  team  usually  walks  along  slowly,  nibbling  at  the  corn  stalks, 
and  pulls  the  wagon  about  as  fast  as  the  operator  can  husk 
his  two  rows,  without  command  from  him.  Ordinary  husking 
pegs  of  wood  or  metal  are  used  in  the  hand  but  for  rapid  work 
a  hook  held  by  a  strap  near  the  base  of  the  thumb  is  used.  With 
this,  experienced  men  rip  off  the  husk,  snap  the  ear,  and  throw 
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it  in  the  wagon  at  a  single  motion.  Such  men,  in  good  corn, 
husk  from  75  to  90  bus.  per  day,  while  from  shock  corn,  35  to 
40  bus.  is  considered  a  good  days  work.  Corn  must  be  well 
dried  before  husking  if  large  amounts  are  to  be  stored  in  one 
crib. 

THE  CORN  SHOCKER  is  similar  to  the  corn  harvester  in 
some  respects,  but  at  the  rear  of  the  machine  is  a  platform  upon 
which  the  fodder  is  shocked.  When  the  shock  is  completed  the 
.  team  is  stopped,  the  shock  raised  by  tackle  and  set  upon  the 
ground  at  one  side,  after  which  the  machine  is  again  started. 
This  machine  is  not  in  very  common  use  although  successful  in 
operation. 

THE  CORN  PICKER,  an  implement  for  picking  the  ears 
from  standing  corn,  is  not  as  successful  as  the  preceding  and  is 
rarely  found. 

THE  SLED  CUTTERS.  Besides  the  machetes,  or  cane 
knives,  <and  the  corn  binders  in  use  for  cutting  corn,  sled  cutters 
are  sometimes  used.  The  essential  principal  of  this  is  a  strong 
cutting  knife  held  horizontally  but  at  an  angle  of  45°  to  the  row 
of  corn  to  be  cut.  As  the  knife  is  pulled  forward,  upon  sled  or 
wagon  ,the  blade  makes  a  ''draw-cut"  severing  the  stalks  of 
corn.  Some  sleds  are  equipped  with  two  such  knives,  so  that 
two  rows  may  be  cut.  Some,  again,  have  seats  for  two  men 
who  catch  the  stalks  as  cut  and  drop  them  off  in  bundles.  For 
cutting  for  silage,  the  writer  once  worked  upon  a  low  "handy" 
wagon  equipped  with  such  a  blade ;  one  man  stood  behind  it  and 
threw  the  stalks,  by  armfuls,  upon  the  platform  of  the  wagon, 
while  another,  or  perhaps  tw^o,  aided  in  arranging  the  load. 

STORING  THE  GRAIN. 

As  mentioned  above  the  corn  is,  in  some  regions,  stored  with 
the  husk  left  on,  and  in  others,  free  from  the  husk.  The  pro- 
tection from  weevils,  which  the  husk  gives,  may  be  attained  by 
drying  the  corn  in  a  kiln  after  the  manner  of  drying  hops. 
When  thus  dried  the  outer  hull  is  so  hard  as  to  in  large  mea- 
sure protect  the  corn. 

Upon  the  smaller  farms  of  both  North  and  South,  corn  is 
stored  in  long,  narrow  cribs,  having  slat  sides  to  allow  for  pro- 
per ventilation.  Slat  bottoms  are  sometimes  built.  In  some 
cases  the  crib  may  be  a  part  of  the  feed  barn,  a  part  of  a  g^n- 
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eral  granary,  or  it  may  be  a  structure  put  up  expressly  for  corn. 
Usually  granaries  or  corn  cribs  are  permanent  structures  raised 
from  the  ground  3j4'  to  4'  on  8"x8"  supports,  over  which 
tin  pans  are  inverted,  or  other  device  employed,  to  keep  out 
rodents.  In  the  corn  belt  proper,  large  permanent  cribs  are  em- 
ployed, particularly  in  the  humid  sections.  Besides  these,  and 
more  especially  in  the  semi-arid  sections,  temporary  cribs  are  in 
use.  For  these  a  closely  woven  wire  fence,  a  special  weave  of 
woven  wire  for  crib  purposes,  or  a  special  weave  of  slat  and 
wire  fencing,  is  necessary.  In  constructing  the  crib,  two  posts 
6"  or  8''  in  diameter  are  set  in  the  ground  4'  apart.  If  4  foot 
fencing  is  used,  the  posts  must  extend  8'  above  the  surface  when 
set.  The  posts  must  be  well  bound  together  at  the  top.  One 
post  would  answer  the  purpose  of  holding  the  wire  erect,  but 
with  two,  the  space  between  is  boarded  up  when  filling,  with  light 
boards  which  are  easily  removed  and  this  space  used  as  a  door- 
way when  corn  is  to  be  moved.  The  cribbing  is  made  in  cer- 
tain lengths  and  the  fencing  may  be  cut  to  make  a  crib  from  12' 
to  25'  in  diameter,  as  wanted.  After  stapling  the  wire  to  the 
posts,  a  rough  floor  is  constructed,  yet  it  should  be  sufficiently 
smooth  to  allow  for  use  of  scoop  shovels  when  removing  the 
corn.  When  filling,  the  wagons  must  not  be  unloaded  at  the 
same  place  each  time,  but  at  different  places,  so  that  the  crib 
will  retain  its  upright  position.  When  filled  to  the  height  of 
the  wire,  another  section  is  placed  directly  above  and  wired  to 
the  lower  one.  Then  when  filled  heaping  full,  rounded  towards 
the  center,  a  canvas  may  or  may  not  be  thrown  over  the  corn 
for  protection.  Unless  to  be  shelled  soon  some  sort  of  roofing- 
is  necessary. 

SHELLING  THE  CORN. 

Upon  small  farms  hand  corn  shellers  are  in  use  and  also  much 
of  the  corn  is  shelled  at  the  mills  where  it  is  ground  into  meal. 
Individual  farmers  cannot  afford  the  sheller  and  power,  so  the 
miller  is  equipped  for  the  work.  In  the  corn  belt,  large  corn 
shellers  with  a  capacity  of  1500  to  2500  bushels,  or  more,  per 
day,  operated  by  steam  power,  go  from  farm  to  farm,  much  as 
the  steam  threshers  do  in  the  wheat  belt;  in  fact  in  many 
locahties  the  shellers  are  owned  by  threshermen.  (Silage  cut- 
ters are  owned  and  operated  in  a  Hke  manner  in  other  sections. ) 
After  shelling,  the  corn  may  be  held  for  feeding  purposes  in 
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bags  or  bins,  or  stored  in  grain  elevators,  as  with  small  grains. 
When  stored  in  bulk,  moving  from  one  bin  to  another  is  some- 
times necessary  if  the  corn  is  found  to  heat. 

SHRINKAGE  AND  LOSS. 

In  silage,  in  the  best  silos,  there  is  a  loss  of  from  5  per  cent, 
to  10  per  cent,  in  total  dry  matter  due  to  the  carbon  dioxid 
evolved.  If  kept  for  some  months  the  loss  will  be  still  greater. 
In  field  curing,  an  average  of  about  20  per  cent  is  lost.  The 
loss  in  each  case  is  in  carbohydrates  other  than  fiber. 

There  is  a  reduction  in  yield  of  grain  amounting  to  2  or  3 
bushels  per  acre  ,where  attempt  is  made  to  save  leaves,  tops,  or 
stover  for  roughage.  The  shrinkage  of  ear  corn  in  the  crib 
varies  from  about  5  per  cent,  to  25  per  cent.,  with  15  per  cent, 
as  an  average  for  average  conditions.  After  shelling,  the  corn 
may  still  shrink  somewhat,  but  most  of  the  shriinkage  occurs  in 
the  cob,  which  from  being  1-4  of  the  weight  is  reduced  to  about 
1-5,  and  loses  10  per  cent,  in  length  and  circumference. 

WEIGHT. 

56  lbs.  is  the  commonly  accepted  weight  for  shelled  corn;  70 
lbs.  for  corn  in  the  cob  after  curing;  and  70  to  80  lbs.  for  green 
corn. 

YIELDS. 

The  following  factors  are  the  chief  ones  in  determining  the 
yield  of  corn: 

1.  The  fertility  of  the  soil,  which  in  turn  depends  upon  the 
depth  of  soil,  the  amount  of  humus,  the  physical  condition  of 
soil,  whether  the  conditions  therein  are  suitable  or  not  for  bac- 
terial action. 

2.  The  moisture  conditions,  as  influenced  by  the  water  con- 
tent of  the  soil,  its  water  holding  capacity,  the  amount  and  dis- 
tribution of  rainfall  (or  of  irrigation  or  of  sub-irrigation)  and 
the  amount  of  loss  by  evaporation  or  by  weeds,  (the  number 
and  thoroughness  of  cultivations.) 

3.  The  kind  or  species  of  corn  and  the  variety,  its  adaptabil- 
ity to  present  conditions  or  environment. 

4.  Climatic  influence;  the  length  of  the  growing  season,  the 
average,  maximum  and  minimum  temperatures,  the  day  and 
night  variations,  and  rainfall  (2). 
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5.  The  thickness  of  the  stand,  the  optimum  number  of  stalks 
per  acre  for  the  given  conditions  and  variety.  A  poor  stand  is 
very  often  the  cause  of  reduced  yields.  Whether  it  be  caused 
by  insects,  by  poor  seed  or  by  too  thin  planting,  the  cost  of  car- 
ing for  the  resulting  crop  until  harvest  is  the  same  as  if  the 
stand  were  perfect,  therefore  every  effort  should  be  made  to 
keep  down  cost  of  production  by  having  only  good  stands.  Too 
many  stalks  per  acre  likewise  results  in  reduced  yields,  i.  e.  of 
grain;  the  number  of  pounds  of  dry  matter  per  acre  might  be 
increased. 

The  Yearbook  of  the  Department  of  Agriculture  gives  the 
average  yield  per  acre  of  the  United  States  for  1911  as  23.9 
bushels,  the  highest  average  yields  being  in  the  North  Atlantic 
states  (42.4  bus.)  Texas  and  Oklahoma  had  9.5  and  6:5  res- 
pectively. (In  these  latter  states  the  soil  is  fertile  enough  but 
the  rainfall  is  deficient).  Connecticut  leads  the  list  with  48.5 
bushels.  Average  yields,  however,  give  one  no  idea  whatever 
of  what  ordinary,  possible,  or  maximum  yields  might  be. 

In  the  contest  conducted  by  the  American  Agriculturist  in 
1889,  a  man  in  South  Carolina  produced  255  bushels  of  ear  corn 
upon  an  acre.  Incidentally,  1000  bushels  of  manure,  600  bush- 
els of  cottonseed,  and  3600  lbs.  of  guano,  cottonseed  meal,  kaitiit, 
acid  phosphate,  bone,  and  nitrate  of  soda  were  applied  to  the 
acre  at  different  times. 

Less  than  30  bushels  must  be  considered  poor  yield  on  good 
soils;  40  to  60  bushels  are  good  yields,  while  60  to  100  bushels 
are  extra  good  yields. 

In  estimating  green  forage,  a  crop  that  will  make  60  bushels 
of  grain  is  calculated  to  make  12  tons  of  green  feed  per  acre,  a 
ratio  of  5  to  1.  This  factor,  while  generally  accepted  in  the 
corn  states,  doubtless  varies.  According  to  a  test  of  a  trial  row 
made  by  the  writer,  the  factor  was  6  1-6  bu.  to  a  ton  of  green 
feed.  With  this  factor  a  60  bu.  soil  will  yield  9.73  tons  of  green 
feed. 

FEEDING  CORN. 

1.  As  a  soiling  crop.  In  the  Northern  states  in  many  places 
the  summers  are  dry  and  hot  and  consequently  the  blue-grass 
pastures  are  usually  cropped  rather  short  and  the  grass  ceases 
to  grow  until  the  fall  rains  come.  Under  such  conditions  or 
where,  for  any  other  cause,  a  shortage  of  feed  in  summer  re- 
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suits,  it  is  quite  a  common  practice  for  farmers  to  cut  daily  some 
of  their  corn  and  feed  it  to  the  stock  to  supplement  the  pastures. 
Particularly  is  this  done  for.  dairy  cattle.  If  it  were  not  done, 
the  flow  of  milk  would  be  reduced  and  could  not  in  the  fall  be 
increased  to  the  proper  amount. 

Some  dairymen,  near  cities  where  land  is  very  valuable,  make 
a  practice  of  soiling  their  cattle  at  all  seasons,  since  in  cultivated 
crops  much  less  acreage  is  required  than  in  pasture. 

2.  As  silage.  (See  Press  Bulletin  No.  40).  The  feeding  of 
silage  is  becoming  more  common  as  time  goes  on,  and  the  value 
of  silos  and  silage  better  appreciated.  Silage  is  a  succulent  feed, 
available  when  other  such  feeds  are  wanting,  and  hence  of  great 
value.  In  experiments  with  milk  cows,  silage  produced  from  5 
to  11  per  cent,  more  milk  than  an  equal  weight  of  fodder,  cut 
and  allowed  to  dry  in  the  ordinary  manner.  In  is  only  with  fat 
steers  on  full  feed  that  the  superiority  of  silage  is  questioned. 
In  the  corn  states  it  has  been  valued  especially  as  a  winter 
feed,  but  is  being  used  more  and  more  also  as  a  summer  feed. 
In  Hawaii  silage  would  be  valuable  indeed  to  cattlemen  during 
long  periods  of  drouth. 

3.  As  stover.  Reference  has  been  made  to  the  use  of  leaves 
and  tops  in  certain  sections,  and  to  stover,  whole,  or  shredded, 
as  used  in  various  regions.  That  the  stover  is  of  considerable 
value  as  a  feed  may  be  seen  by  noting  its  composition  given  on 
page  1.  Much  more  livestock  may  be  kept,  and  better  farming 
done,  where  the  whole  feeding  value  of  the  plant  is  realized. 

4.  As  fodder.  That  is  with  the  ear  still  on  the  stalk.  This 
is  done  in  some  sections  where  labor  is  scarce.  The  cattle  get 
roughage  and  grain  at  one  time  and  the  labor  of  husking  is 
avoided.  In  such  cases  hogs  usually  follow  the  cattle  to  prevent 
waste. 

5.  As  a  grain.  Corn  may  be  fed  upon  the  ear,  with  or  with- 
out the  husks,  shelled,  ground  with  or  without  the  cob,  ground 
with  or  without  other  grains,  soaked  or  even  cooked. 

The  value  of  corn  as  a  feed  is  so  well  known  that  no  state- 
ments of  it  are  necessary.  For  sheep,  lambs,  pigs,  dairy  cows, 
beef  cattle,  poultry,  fattening  horses,  or  for  work  animals,  in 
fact  for  all  classes  of  animals,  of  all  ages,  regardless  of  the  pur- 
pose in  feeding,  corn  in  mixtures,  or  alone,  acknowledges  no 
superior.     Even  for  man,  corn  as  a  food  is  important. 

From  the  table  of  composition  it  will  be  seen  that  corn  is  es- 
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pecially  rich  in  nitrogen  free  extract  or  in  other  words  in  non- 
nitrogenous  constituents.  For  this  reason  some  material  con- 
taining larger  quantities  of  nitrogen  is  usually  fed  with  it.  Clo- 
ver, alfalfa,  cowpeas,  soy  beans  and  peanuts  are  used  as  rough- 
age in  dry  or  green  state. 

For  concentrated  feed,  linseed  or  oil  meal,  cottonseed  meal, 
the  seeds  of  cowpeas,  soy  beans,  peanuts,  etc.,  are  used  to  bal- 
ance up  the  corn  in  rations.  More  economical  gains  are  made 
when  balanced  rations  are  fed.  For  instance,  when  hogs  have 
access  to  alfalfa  hay,  the  amount  of  corn  necessary  to  produce  a 
lb.  of  gain  is  reduced  from  5  to  7  lbs.  to  about  4  lbs.  With 
clover  or  cowpea  hay  replacing  timothy  a  bushel  of  corn  pro- 
duced 1.65  lbs.  beef  more  than  with  the  timothy  hay.  In  a 
similar  case,  the  output  of  milk  was  increased  20  to  33  per 
cent.  Other  examples  could  be  given,  but  these  are  sufficient  to 
demonstrate  the  point  that  balanced  rations  are  more  economical. 
Corn  is  considered  a  very  heating  food  and  in  the  Northern 
States  is  fed  to  work  horses  in  the  colder  months,  oats  being  re- 
served for  the  summer  months,  when  the  work  is  more  severe. 
However  in  the  South  oats  are  less  profitable  as  a  grain  crop 
and  are  usually  cut  green  for  hay.  Moreover  the  acreage  in 
oats  is  very  small.  Corn  is  fed  to  work  stock  the  year  round 
with  no  bad  results,  nor  with  any  complaints  as  to  its  being  a 
''heating"  feed.  "Corn  chop"  is  a  term  which  in  the  South 
usually  applies  to  coarsely  ground  or  cracked  corn.  In  the 
North,  the  same  term  applies  to  a  finely  ground  mixture  of  corn 
and  oats,  or  corn,  cob,  and  oats.  Grinding  the  corn  increases  its 
value  as  a  feed  for  hogs  and  cattle,  more  rapid  gains  on  less 
grain  being  usually  (not  always)  obtained.  Where  hogs  follow 
cattle  but  little  gain  is  obtained  by  grinding,  and  by  feeding 
whole  grain,  much  labor  and  expense  is  avoided. 

Corn  and  Cob  Meal.  Cobs  may  be  ground  with  the  corn 
under  certain  conditions  and  for  certain  kinds  of  stock.  For 
hogs  the  cobs  should  not  be  included.  For  a  few  months  after 
harvest,  while  cobs  are  still  more  or  less  soft,  they  may  be  used, 
but  in  late  Spring  months  and  in  the  following  summer,  few 
farmers  feed  corn  and  cob  meal.  According  to  Henry  (Feeds  & 
Feeding)  theyserve  to  lighten  the  otherwise  heavy  mass  of  corn 
meal,  making  it  more  easy  to  digest.  The  actual  value  of  cobs  is 
very,   very   small. 

Ground  corn,  whether  with  or  without  the  cob,  and  especially 
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when  ground  with  oats,  heats  readily  and  cannot  safely  be  stor- 
ed in  bulk.  Only  small  amounts  should  be  ground  at  any  one 
time.  After  grinding,  also  ,the  oil  "soon  becomes  rancid  and 
gives  the  meal  a  stale  taste.*'  Soaking  the  corn  or  corn  meal  is 
more  or  less  practiced,  and  is  thought  to  increase  its  feeding 
value,  especially  for  hogs.  In  Kansas  a  gain  of  from  5  to  15 
per  cent,  was  obtained  by  soaking  corn  for  steers.  In  Germany 
sheep  on  dry  grains  increased  12.1  lb.  more  in  14  weeks  than 
those  on  wet  grains,  the  lack  of  gain  in  the  latter  being  attri- 
buted to  a  decreased  secretion  of  saliva.  No  advantage  was 
found   in   soaking  the   grain   for   horses. 

The  chief  value  of  corn  is  in  producing  "heat,  energy,  and 
fat."  Because  of  its  deficiency  in  protein  and  ash  constituents, 
it  is  not  a  perfect  food  for  young  growing  animals,  nor  for 
breeding  stock.     The  deficiency  must  be  supplied  in  other  feeds. 


CORN  AS  FOOD  FOR  MAN  AND  ITS  USE  IN 
MANUFACTURES. 

Corn  meal  is  a  valuable  food  for  man  and  the  annual 
consumption  of  corn  as  bread,  cakes,  or  mush,  is  quite  large. 
Freshly  ground  meal  is  much  superior  for  culinary  purposes. 

Food  products  other  than  the  meal  are  roasting  ears,  hominy, 
corn  combined  in  various  breakfast  foods,  canned  corn,  and  corn 
starch.  Manufactured  products  include  glucose,  starch,  alcohol, 
whiskey  and  malt  liquors,  and  corn  syrup,  with  which  is  usually 
mixed  some  ribbon  cane  syrup  to  improve  its  flavor. 

The  by-products  resulting  include:  oil,  gum,  dextrins,  germ 
oil  meal,  gluten  meal,  bran,  gluten  feed  (meal  and  bran),  dis- 
tillers' and  brewers'  grain,  hominy  feed,  cerealine  feed. 

The  pith  of  the  stalk  is  used  for  packing  and  in  the  manufac- 
ture of  explosives,  the  balance  of  the  plant  in  this  case  being 
ground,  forming  a  good  substitute  for  hay,  under  the  name  of 
"new  corn  product."  The  composition  of  the  by-products  is 
given  by  Hunt  as  follows: 


25 


Gluten  meal 

Maize  bran 

Gluten  feed 

Germ  oil  meal 

Hominy  feed 

Cerealine  feed 

Distillers'  grains..., 
New  Corn  Product 


Water 

Ash 

Protein 

Crude 
Fiber 

Nitrogen 

Free 
Extract 

9.2 

l.l 

36.9 

2.2 

46.7 

9.1 

1.3 

9.9 

12.1 

62.0 

8.5 

1.2 

25.7 

6.7 

53.5 

9.1 

2.6 

23.0 

9.0 

46.6 

9.3 

2.7 

11.2 

4.5 

63.7 

10.2 

2.6 

11.2 

4.6 

63.3 

8,8 

2.4 

35. 

12.1 

30.4 

8.5 

5.4 

6.5 

27.3 

49.3 

Fat. 

3.9 
5.6 
4.4 

10.7 
8.6 
8.1 

11.3 
2.9 


THE  POLLINATION  OF  CORN. 

The  pollination  of  corn  is  effected  by  wind  and  by  the  force 
of  gravity.  The  tassel  is  the  male  portion  of  the  flower,  while 
the  female  portion  is  borne  in  the  axils  of  the  leaves.  The  silk 
is  the  "style"  of  the  pistillate  flower  and  is  supposed  to  be  a 
long  tube  down  which  the  pollen  grain  must  pass  to  reach  the 
ovule.  To  effect  pollination  the  silks  must  be  at  a  certain  stage 
of  development  when  the  pollen  is  available.  Ears  having  no 
grains  at  butt,  or  at  tip,  show  that  the  silk  of  butt  and  tip  res- 
pectively was  immature  or  past  mature  and  were  consequently 
not  pollinated.  If  such  barrenness  is  noticed  to  be  very  common 
it  can  in  part  be  corrected  by  planting  rows  here  and  there 
across  the  field  either  earlier  or  later,  as  the  situation  demands, 
to  furnish  pollen  at  the  proper  season  or  to  lengthen  the  season 
in  which  mature  pollen  is  available.  Rarely  does  one  see  an 
ear  entirely  barren  of  kernels,  but  isolated  stalks  on  windward 
sides  of  the  field  in  regions  of  continual  wind  occasionally  pro- 
duce such  ears.  Short  ears  result  from  poor  conditions  of  en- 
vironment, not  from  imperfect  pollination.  Barrenness  also  is 
largely  the  result  of  environment — ^too  thick  a  stand,  weeds,  poor 
soil,  or  lack  of  moisture. 

Suckers  very  often  produce  hermaphrodite  or  perfect  flowers. 
Tassel  ears  also  result  from  perfect  flowers  in  the  tassel.  Such 
ears,  or  the  tendency  to  form  such  ears^  is  undesirable.  Avoid 
these  plants  when  selecting  seed. 
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CORN    IMPROVEMENT. 

Some  of  tile  greatest  strides  in  recent  agricultural  science 
have  been  made  in  the  various  states  in  the  w^ork  in  corn  im- 
provement. The  work  is  divided  into  two  branches,  viz:  seed 
selection  and  breeding. 

SEED  SELECTION  is  based  upon  the  law  that  "like  pro- 
duces like,"  and  if  good  corn  is  to  be  expected  good  corn  must 
be  planted.  Following  this  idea,  intelligent  farmers  have  select- 
ed their  seed  corn  for  many  years.  Now,  however,  it  is  known 
that  excellence  in  plants  may  be  due  either  to  heredity  or  to  en- 
vironment, and  seed  selection  becomes  more  complicated  in  that 
an  effort  must  be  made  to  secure  the  corn  whose  excellence  is 
due  to  heredity.  That  which  is  due  to  good  conditions  of  en- 
vironment, cannot  be  continued  unless  the  same  good  conditions 
are  always  present.  To  accomplish  the  desired  result,  it  be- 
comes necessary  to  select  seed  corn  from  the  field  where  one  can 
know  what  the  environment  has  been.  For  illustration,  we  will 
suppose  two  hills  of  corn,  one  containing  one  stalk  and  the  other 
two,  both  of  which  produce  one  good  ear.  In  the  hill  which 
has  two  stalks,  the  one  producing  the  ear  possesses  excellence 
over  the  barren  stalk  due  to  heredity — or  otherwise  we  should 
find  the  ear  upon  the  other  stalk  or  one  small  ear  upon  each. 
The  ear  from  this  stalk  also  would  be  superior  as  seed  to  that 
from  the  other  hill  which  contained  but  one  stalk,  since  in  the 
"struggle  for  existence"  a  great  handicap  was  overcome  in  pro- 
ducing it.  Such  conditions  as  plenty  of  space  in  which  to  grow, 
advantage  in  fertility  of  soil,  or  in  excess  of  water,  or  in  free- 
dom from  weeds  result  in  producing  good  ears  whose  excellence 
may  not  be  continued  when  again  planted. 

Selection  in  the  field  then  enables  one  to  see  under  what  condi- 
tions the  ear  was  produced  and  to  note  also  the  character  of  the 
stalk  and  leaves  of  the  mother  plant,  size  and  weight  of  ear, 
maturity,  color  ,also  broken  plants  or  tendency  to  sucker,  and  the 
height  of  the  ear  upon  the  stalk.  High  ears  tend  to  pull  stalk 
down  and  the  selection  of  such  tends  to  produce  a  late  maturing 
strain.  For  windy  places  select  seed  from  short,  thick  stalks, 
with  ear  rather  low. 

The  Ohio  Experiment  Station  (in  Bulletin  212)  reports  upon 
seed  selection  as  follows: 

A  gain  of  4  to  5  bushels  per  acre  when  seed  was  taken  from 
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long  ears  over  that  from  short  ears ;  one  bushel,  when  cylindrical 
ears  were  used  as  compared  with  tapering  ears;  the  same  gain 
when  ears  filled  to  the  tip  were  compared  with  those  having 
bare  tips;  2  to  3  bushels,  when  smooth  kernels  were  compared 
with  rough;  and  4  to  5  bushels  gain  with  heavy  ears  over  light. 

This  gives  an  indication  then  of  some  points  to  observe  in 
making  selections.  Weakness  of  stalk,  as  indicated  by  broken 
plants,  and  suckering  (in  part  only)  are  heredity  traits  and  seed 
from  such  plants  should  be  avoided.  Prof.  Krauss,  of  the  Col- 
lege of  Hawaii,  found  in  an  ear-row  test  with  one  variety,  a 
great  variation  in  the  tendency  to  sucker. 

The  work  of  selecting  in  the  field  may  be  done  by  some  one 
well  qualified  for  the  work  before  the  regular  harvest  is  com- 
menced, or,  with  intelligent  laborers,  or  where  the  farmer  him- 
self does  part  or  all  of  his  work,  the  same  result  is  accomplish- 
ed at  harvest  time  by  having  a  box  hung  on  the  rear  end  of  the 
wagon  in  which  choice  ears  may  be  thrown  when  found. 

Usually  two  or  three  times  as  many  ears  are  taken  as  would 
be  necessary  and  later  a  more  careful  selection  is  made  from 
among  these.  The  germination  test  also  may  eliminate  some 
ears  and  so  plenty  should  be  taken  out  at  harvest.  In  the  corn 
states  it  has  frequently  happened  that  the  seed  of  some  seasons 
was  very  low  in  vitality  and  those  who  had  seed  saved  from 
the  preceding  year  were  fortunate. 

The  second  step  is  the  proving  out  of  the  seed  selected.  Al- 
though each  of  the  ears  selected  are  excellent  and  this  excellence 
is  hereditary,  yet  each  one  has  inherited  a  different  producing 
power  and  each  must  be  planted  by  itself  in  order  to  determine 
which  are  the  better  producers.  This  test  is  known  as  the  "ear- 
to-row"  or  simply  "ear-row"  test.  Upon  the  windward  side  of 
the  field  plant  about  100  feet  of  row  from  each  of  25,  50  or  100 
ears,  and  duplicate  the  test  if  possible.  Duplication  of  the  test 
and  the  planting  of  every  fifth  or  sixth  row  to  corn  of  known 
producing  power  as  a  check,  are  methods  in  vogue  to  determine 
variation  due  to  different  conditions  of  environment.  Have 
such  conditions  as  uniform  as  is  possible. 

The  balance  of  the  selected  ears  are  used  in  planting  the  main 
field.  For  the  second  year,  the  seed  is  selected  from  the  high 
yielding  corn  as  determined  in  the  ear  row  test — while  many 
choice  ears  are  taken  from  the  main  crop  and  planted  in  another 
ear  row  test  to  compare  them  with  the  high  yielding  ears  of  the 
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Fi8:ure  4:  from  Ohio  Station  Cir.  No.   66. 

The  result  of  duplicate  ear  row  test  made  by  F.  C.  Snyder  of  Ohio. 
Thirty-five  to  seventy-five  bushels  per  acre. 

This  test  was  made  in  1904,  the  remnants  were  placed  In  the  breed- 
ing plot  in  1905  and  in  1906  the  yield  from  the  improved  seed  exceeded 
that  from  ordinary  seed  by  7.17  bu.  per  acre. 

How  else  could  the  excellence  of  ear  No.  13  over  ear  No.  2  be  de- 
termined? 

previous  test.  It  is  not  to  be  expected  that  all  of  the  high  yield- 
ing ears  ate  obtained  in  the  100  that  were  first  selected  out  of 
the  hundreds,  thousands,  or  perhaps  millions  of  the  whole  crop — 
or  even  that  the  very  highest  yielding  ones  were  obtained,  and 
therefore  year  by  year  search  for  these  latter  should  be  made  by 
selecting  always  some  from  the  main  crop  for  test.  Seed  for 
the  main  crop  however  should  always  be  taken  from  corn  that 
has  been  tested  and  found  to  be  good  in  yield. 

For  large  areas  where  the  ear  row  test  would  furnish  an  in- 
sufficient amount  of  seed — some  seed  from  the  general  crop 
could  be  used,  but  a  separate  plot  for  producing  seed  would  be 
preferable.  Right  here  the  line  between  selection  and  breeding 
is  not  closely  drawn.  As  corn  is  readily  cross  pollinated,  cross 
breeding  occurs  in  the  ear  row  test,  so  that  while  the  aim  was 
only  to  test  the  different  ears  the  resulting  progeny  may  be 
better  or  worse  than  the  parents  according  to  the  nature  of  the 
cross-breeding  which  has  occurred. 
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BREEDING. 

Under  this  heading  then  we  shall  consider  the  more  complex 
methods  which  involve  the  use  of  breeding  and  multiplying 
plots.  For  breeding  work  the  primary  selection  and  the  ear  row 
test  are  made  as  above  described,  with  the  exception  that  por- 
tions from  each  ear  are  reserved,  properly  labeled,  until  the  re- 
sult of  the  test  is  known.  The  breeding  work  proper  starts 
with  the  remnants  of  ears  found  to  be  high  yielding;  the  other 
remnants  are  discarded. 

The  following  scheme  from  Ohio  E.  S.  Circular  66  shows  the 
plan  to  be  followed: 

1st  year   2nd  year  3jd  year  4th  year  5th  year  6th  year  7th  year   8th  year 
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Flj^iire  5: 

A  scheme  for  breeding-  corn — from  Ohio   Station  Cir.   66. 

GC — general  crop.  BR — remnants  of  best  ears.  ER — ear  row  test. 
RE — registered  ears.  BP — breeding  plots  of  remants.  MP — multiply- 
ing plot.  REOB — registered  ears  from  other  breeders.  The  arrows 
show  the  source  of  seed  for  each  plot  or  field. 

The  ear  row  test  may  be  placed  in  the  main  field  but  the 
breeding  plot  and  multiplying  plot  must  be  isolated  to  prevent 
cross  pollination  with  pollen  from  undesirable  plants. 

In  the  breeding  plot,  natural  methods  may  be  allowed  or  cer- 
tain rows  may  be  detasseled  and  the  seed  taken  from  the  cross 
bred  product  of  these  rows.  Cross  breeding  increases  vigor, 
and  (also  to  prevent  inbreeding)  outside  blood  may  be  intro- 
duced, after  being  tested  in  the  ear  row  test,  and  its  influence 
made  certain  by  detasseling  either  the  old  or  the  new  stock  as 
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stated  Outside  blood  is  secured  in  selected  ears,  or  pedigreed 
ears,  from  neighbors  or  others,  breeding  the  same  variety,  llie 
scheme  shom's  how,  after  only  four  years  work,  the  imm  crop 
can  be  CTOwn  from  selected,  improved,  seed,  borne  such  scheme 
as  this  Is  necessarv  if  there  is  to  be  any  iraprovemenl  made  m 
the  Yield  of  corn.  The  use  of  isolated  breeding  plots  ehmmates 
the  bad  results  obtained  by  cross  pollination  from  low  vie  dmg 
or  barren  stalks.  These  qualities  are,  for  the  niost  part,  here™ 
ditary  and  cannot  be  entirely  overcome  by  good  conditions  of 
environment. 


Flfclire   «.     'rv|HfB   OF   EAIIS. 

1      Tanprliia- with  wedKe-shaped  kernels. 

1:  Tape  ■  nl-wlth  o/allcernels  and  too  much  «Pace  bet^ 
S.  Cyllnrlcal^well  flnecl  at  butt  and  tip^tlie  sho\\  tjl 
spiral   rows. 


6  s 


Sho 


Sho 


iiperfect  pollli 


Breeding-,  as  applied  to  corn,  means  simply  control  of  parent- 
age, miich"^  as  is  the  case  in  the  breeding  of  animals.  Hand  pol- 
litiation  is  rarely  done. 

IMPROVE^tENT  TN  QUALITY. 

In  the  above  discussion  of  improvement,  increase  in  yield  only 
was  considered.     To  increase  the  content  of  protein,  starch,  or 
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oil,  a  similar  method  would  be  followed,  selecting  for  seed  in 
each  instance  those  kernels  which  show  the  desired  characters, 
as  explained  on  page  2. 

JUDGING  CORN. 

At  the  corn  shows  now  being  held  in  the  various  states  and 
at  the  National  Corn  Exposition,  corn  is  judged  entirely  by  the 
ears — stalk  and  leaves  not  being  considered.  Usually  ten  ears 
constitute  an  exhibit  and  they  are  judged  according  to  the  fol- 
lowing points: 

1.  The  shape  of  the  ear.  This  should  be  cylindrical  or  but 
slightly  tapering. 

2.  Color  of  cob — a  red  cob  for  yellow  corn  and  either  white 
or  red   for  white  corn. 

3.  Tips.  The  tips  should  be  well  covered,  the  rows  un- 
broken to  the  end. 

4.  Butts — well  rounded,  the  shank  1-3  the  diameter  of  the 
ear. 

5.  Kernels — deep,  wedgeshaped,  leaving  no  spaces  between 
the  rows.     They  must  be  firm  on  the  cob  and  well  filled. 

6.  Length  and  circumference  of  ear — the  length  varies  in 
different  varieties,  but  averages  9'' ;  the  circumference  should 
be  about  3-4  the  length. 

7.  Uniformity — ^in  shape  and  size  of  ears.  In  shape,  size  and 
color  of  kernels. 

8.  Condition — of  ripeness,  freedom  from  disease  or  injury, 
dry,  firm. 

9.  The  per  cent  of  grain  to  ear — should  be  about  87  to  88. 
This  point  is  not  always  considered.^ 

Figure  6  shows  ears  of  various  shapes;  rows  of  kernels 
straight,  curved,  or  mixed;  and  ears  well  or  poorly  filled  at  the 
butt  and  tip. 

Various  sizes  and  shapes  of  kernels  are  illustrated  in  Figure 
7. 

INSECTS   AND   DISEASES. 
(See  Bui.  Haw.  Exp.  Sta.  No.  27) 

The  more  common  insect  pests  of  the  corn  plant  in  Hawaii 
are  the  army  worms  and  cut  worms,  which  destroy  the  crop 
usually  while  young,  and  aphides  and  leaf  hoppers,  sucking  in- 
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sects  which  when  found  in  large  numbers  soon  destroy  the  crop 
at  'any  stage  of  its  growth. 

The  worms  are  best  controlled  by  using  poisoned  bait  (white 
arsenic  1  lb;  bran  301bs.;  molasses  1  qt. ;  water  to  moisten.) 
FuUaway  recommends  also  plowing  a  furrow  about  the  field 
with  steep  side  toward  the  corn,  up  which  they  cannot  easily 
climb.  Because  mold  board  plows  do  not  clean  well  they  fail 
sometimes  to  leave  a  vertical  "landside"  cut,  and  disc  plows 
never  do.  However  in  case  of  attack,  the  poisoned  bait  if 
placed  in  such  a  furrow  would  be  more  effective  than  if  thinly 
scattered. 

Aphides  are  at  times  well  held  under  control  by  ladybird 
beetles,  and  are  quite  easily  killed  by  various  sprays — proprie- 
tary tobacco  mixtures  being  especially  recommended. 

The  leaf  hoppers  are  to  some  extent  checked  by  egg  parasites, 
but  not  enough  so.  Tobacco  mixtures — a  decoction  or  as  pow- 
der may  be  employed  against  them.  Being  well  protected  be- 
neath the  leaf-sheath,  however,  the  result  is  not  entirely  satis- 
factory. 

At  the  Experiment  Station  the  leaf  hopper  usually  destroys 
all  corn  after  or  about  the  middle  of  April. 

Other  insects  doing  damage  at  times  are  the  wire  worms, 
attacking  the  roots ;  caterpillars  eating  the  leaves ;  ear  worms, 
infesting  the  ears;  and  moths  and  weevils  attacking  the  mature 
or  stored  grain. 

If  the  caterpillars  become  numerous  spray  the  corn  with  some 
compound  of  arsenic.  Fumigation  with  carbon  bisulphide  is  the 
best  method  for  controlling  insects  which  attack  the  stored 
grain. 

DISEASES. 

The  most  common  disease  of  corn  is  corn  smut.  It  is  found 
in  all  fields,  but  usually  only  one  per  cent.,  more  or  less,  of  the 
stalks  are  attacked.     The  history  of  the  disease  is  as  follows: 

The  spores  germinate  and  produce  a  mold-like  growth  which 
bears  minute  colorless  spores.  These  latter  are  carried  about  by 
the  wind  and  lodge  on  the  corn  plant.  If  they  find  a  moist 
place,  growth  is  at  once  started,  and  the  well  known  black  smut 
soon  forms.  The  history  may  be  completed  in  three  weeks 
after  which  it  is  repeated.     The  repetition  of  the  process  goes 
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on  so  quickly  that  the  infection  spreads  ra[)i(Hy  about  tlie  field. 
Much  more  corn  appears  to  be  infected  in  the  later  stages  of 
growth.  Any  fungi  remaining-  undestroycd  usually  carry  the  in- 
fection over  to  the  following  year. 

The  only  practical  method  of  treatment  is  to  gather  the  smut 
bodies  before  they  open  and  discliarge  their  spores— and  burn 
them  or  dip  them  in  hot  water.  If  this  be  done  a  few  times  at 
intervals  throughout  the  season  the  fungus  will  be  kept  very 
well  under  control. 

From  the  very  nature  of  the  fungus  it  will  l-)e  readily  seen 
that  seed  treatment  is  of  no  avail.  Spraying  the  plants  to  pre- 
vent growth  of  the  spores  could  be  done,  but  is  impracticable. 

Snnit  is  not  poisonous  to  animal  life  and  can  be  fed  with  im- 
punity, its  feeding  value  being  slightly  higher  than  that  of  corn. 
The  spores  are  destroyed  when  the  fungus  is  eaten. 


PlRure   X,     Types  of  Keriieli*: 

1.  Dent  corn — long  narrow 

2.  Dent  corn — broad   wecig-o. 
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CORN    IN   HAWAII. 

IN  KULA,  MAUI,  corn  is  usually  planted  in  rows  about  5' 
apart  with  hills  of  three  stalks  4'  to  5'  apart  in  the  rows,  making 
about  5800  stalks  per  acre.  Corn  here  is  usually  cultivated 
twice  and  the  yield  is  from  J4  to  1%  "tons'*  per  acre,  equivalent 
to  14  to  43  bushels  per  acre,  depending  upon  the  season.  It  has 
been  a  common  practice  in  Kula  to  burn  all  husks  and  stalks,  in 
preparing  the  land  for  the  next  crop,  but  in  some  cases  the 
husks  are  now  being  plowed  under  and,  on  one  or  two  farms 
only,  stalk  cutters  are  being  used.  The  rainfall  in  Kula  is  ob- 
tained largely  from  "Kona"  winds  the  N.  E.  trades  being  ef- 
fectively cut  off  by  the  summit  of  Haleakala.  Most  of  the 
precipitation  therefore  occurs  in  the  winter  months.  The  soil 
is  loose  and  powdery  and  fall  plowing  is  not  necessary  to  faci- 
litate the  percolation  of  water.  Corn  is  grown  yeaj  after  year 
and  in  order  to  maintain  the  fertility  of  the  soil  some  green 
manure  crops  should  be  grown.  As  suggested  in  another  con- 
nection ,small  grains,  especially  wheat,  would  be  found  valuable 
for  this  purpose,  provided  of  course  that  there  is  moisture 
enough  to  germinate  the  seed  in  the  fall  when  it  is  sown.  In 
the  late  winter  the  soil  blows  badly  and  a  cover  crop,  extending 
over  much  of  the  corn  belt  would  in  a  measure  protect  the  re- 
gion from  the  unpleasant  dust  storms  now  prevalent.  Various 
legumes  should  be  tried  out  for  a  like  purpose.  As  stated  also, 
plowing  under  of  the  cover  crop  must  be  postponed  until  the 
last  possible  moment  which  "congests"  the  spring  work. 

The  variety  of  corn  grown  is  a  yellow  dent,  which  has  been 
more  or  less  mixed  with  white  varieties.  As  this  corn  has  been 
grown  for  many  years  in  this  region  it  will  probably  be  found 
to  be  the  very  best  variety  for  the  given  conditions.  However 
every  effort  possible  should  be  made  to  improve  the  variety 
through  the  use  of  ear-row  tests  and  breeding  plats  as  explained 
on  page  29. 

UPON  PARKER  RANCH,  HAWAII,  corn  has  for  some 
time  been  one  of  the  principal  crops  produced.  Nearly  2,000 
acres  are  now  grown  annually.  Some  is  planted  near  Waimea 
(27004000')  but  the  larger  area  is  above  the  frost  line  at  Wai- 
kii  (4500-5300').  The  corn  is  planted  in  rows  42"  to  44"  apart, 
with  three  kernels  in  hill  and  hills  42"  apart,  making  over  10,- 
000  plants  per  acre.     Frequent  shallow  cultivations  are  given 
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to  conserve  moisture.  The  soil  at  Waikii  contains,  of  volatile 
matter  25.83  per  cent,  of  coarse  sand  and  gravel  1.64  per  cent, 
of  fine  sand  38.3  per  cent,  of  silt  16.22  per  cent,  of  fine  silt  19.99, 
and  of  clay  2.05  per  cent.  It  will  be  noticed  that  this  is  a  silt 
loam  soil  well  adapted  to  corn;  the  percentage  of  humus  (in  the 
volatile  matter)  is  large,  there  is  an  absence  of  large  particles  of 
sand  and  also  of  cementing  material  (clay).  The  soil  then  has 
a  great  retentive  power  for  moitsure  but  when  dry  is  very  floury 
and  "blows"  easily.  This  soil  is  rich  in  lime,  magnesia,  nitro- 
gen, potash  and  phosphoric  acid.  The  rainfall  here  is  below 
20"  usually,  much  of  which  falls  during  the  cooler  months.  The 
precipitation  in  1912,  from  April  17th  to  November  12th  was 
4.35"  most  of  which  fell  in  light  showers  measuring  .6",  .5",  to 
2" ,  practically  all  of  which  would  be  valueless  for  the  corn  crop, 
since  there  was  no  percolation  and  all  was  lost  by  evaporation. 
An  average  yield  of  35  bushels  per  acre  was  obtained,  produced 
by  moisture  existing  in  the  soil  at  planting  time  and  which  wa^ 
conserved  by  surface  cultivation.  A  small  yellow  dent  con 
early  maturing,  and  quite  drought  resistant  is  grown  here.  / 
lower  elevations  a  larger  growing  variety  of  white  dent 
grown. 

Upon  Molokai  Ranch,  corn  is  planted  at  800'  elevation 
rows  about  52"  apart.  Heretofore  single  stalks  18"  to  2 
apart  have  been  left  but  the  plan  is  now  to  extend  this  inter\ 
to  30",  making  4,328  stalks  per  acre.  Under  the  extreme 
dry  conditions  which  prevail  upon  Molokai,  a  much  smal 
yield  of  corn  than  at  Waikii  is  possible. 

Upon  Oahu  a  considerable  area  was  for  several  years  pla 
in  corn  at  Kunia,  with  varying  degrees  of  success.     One 
a  crop  of  over  40  bushels  per  acre  was  obtained,  while  in  c 
years  the  yield  was  reduced  by  attack  of  caterpillars  and 
hoppers.     Near  Honolulu,  the  Experiment  Station  has  the 
varied  success;  winter  crops  succeed  best,  spring  crops  d 
for  a  time  but  eventually  fail.     In  Nuuanu  valley  a  m; 
of  corn  yielded  in  March,  1913,  37  bushels  per  acre,  t* 
row  giving  a  rate  of  60  bus.  per  acre.     The  yield  c 
forage  was  at  the  rate  of  about  9  tons  per  acre. 

Upon  Kauai  no  extensive  areas  have  been  tried  in  ^ 
Homestead,  judging  from  the  results  illustrated  in  F 
is  possible  to  produce  corn  if  care  is  first  taken  to  n 
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land.     Doubtless  the  effect  of  the  manure  was  as  great  through 
the  improvement  in  moisture  conditions  as  in  any  other  way. 

CONCLUSION.  Corn  can  be  grown,  profitably,  upon  cer- 
tain areas  and  under  certain  conditions,  in  Hawaii.  It  is  a  va- 
luable forage  plant,  its  worth  being  too  well  known  to  need  ex- 
planation. It  is  to  be  one  of  the  mainstays  of  the  stock  indus- 
try during  times  of  drought,  particularly  in  the  form  of  silage. 
Seed  from  island  grown  corn  is  to  be  preferred,  but  should  be 
carefully  selected  and  improved  by  breeding.  Corn  thrives  in 
Hawaii  at  medium  elevations  and  upon  silt  loam  soils.  The 
corn  crop  merits  more  attention  than  it  has  in  the  past  received. 
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Eye  Worm  of  Chickens 

By 
E.  V.  WILCOX. 

AND 

c.  K.  McClelland. 

INTRODUCTION. 

Many  of  the  poultry  raisers  in  and  about  Honolulu  are 
familiar  with  the  fact  of  the  occurrence  of  a  small,  thread-like 
worm  in  the  eyes  of  chickens.  This  worm  is  known  as  Man- 
son's  eye  worm  (Oxyspirura  mansoni),  and,  so  far  as  observa- 
tions have  been  made,  this  is  a  parasite  only  in  the  eyes  of 
chickens  and  peafowls.  This  worm  has  been  reported  as  oc- 
curring in  China,  Brazil,  Mauritius,  Jamaica,  Florida,  and  Ha- 
waii. In  all  of  the  localities  thus  far  reported  as  being  infested 
with  the  eye  worm  of  chickens  the  worm  is  found  only  near  the 
sea  shore,  but  the  wide  separation  of  the  countries  in  which  it 
is  found  would  indicate  that  probably  the  worm  is  generally 
distributed  throughout  tropical  countries. 

The  occurrence  of  species  of  eye  worms  in  different  birds 
and  mammals  is  rather  common.  About  38  species  of  eye 
worm  have  been  found  in  the  eyes  of  43  different  species  of 
wild  birds  throughout  the  world,  and  eye  worms  of  other  spe- 
cies have  also  been  found  in  the  eye  balls  or  under  the  eye-lids 
in  horses,  cattle,  sheep,  dogs  and  geese. 

The  occurrence  of  the  eye  worm  of  chickens  in  Honolulu  is 


very  general.  An  examination  of  chickens  in  all  parts  of  the 
town  indicate  that  the  worm  is  found  in  nearly  every  flock.  In 
a  few  flocks  of  fowls  where  a  start  was  made  by  importing 
fancy  eggs  from  the  mainland  or  by  buying  eggs  of  poultry 
breeders  in  Honolulu,  and  starting  the  business  by  means  of  an 
incubator  and  brooder,  no  infestation  by  eye  worm  was  found. 
If  fowls  are  brought  in  from  other  flocks  in  Honolulu,  however, 
a  more  or  less  extensive  infestation  is  almost  sure  to  be  brought 
about.  In  cases  of  slight  infestation  there  may  be  only  two  or 
three  worms  in  each  eye,  while  in  badly  infested  flocks  the  num- 
ber of  worms  may  reach  50,  60  or  more,  in  each  eye  of  infested 
fowls. 

ANATOMY  OF  THE  EYE  WORM. 

The  mature  worm  as  found  in  the  eyes  of  fowls  ranges  from 
a  little  less  to  a  little  more  than  one-half  inch  in  length,  and  is 
about  the  diameter  of  a  fine  needle.  Numerous  measurements 
of  mature  worms  indicate  that  the  males  vary  in  length  from 
10  to  14  miUimeters,  and  females  from  12  to  18  millimeters. 
The  color  of  the  worms  is  whitish  or  semi-transparent.  No  de- 
tails of  the  anatomy  of  the  worm  can  be  seen  by  the  naked  eye. 
Since  the  average  poultry  raiser  is  not  provided  with  a  com- 
pound microscope  and  would  at  any  rate  have  little  interest  in 
the  microscopic  anatomy  of  the  worm  it  seems  unnecessary  to 
go  into  a  discussion  of  anatomy  in  this  bulletin,  particularly 
since  the  subject  has  been  so  thoroughly  covered  by  Ransom, 
in  Bulletin  60  of  the  Bureau  of  Animal  Industry  of  the  United 
States  Department  of  Agriculture. 

LOCATION  OF  THE  WORMS  IN  THE  EYE. 

Doubtless  all  poultry  raisers  are  familiar  with  the  gross  ex- 
ternal anatomy  of  the  eye  of  fowls,  and  have  observed  a  third 
eye  lid,  commonly  called  the  nictitating  or  winking  membrane, 
which  lies  underneath  the  two  eye-lids  and  moves  rapidly  back 
and  forth  across  the  eye  in  a  horizontal  plane.  When  the  eye 
is  open  the  nictitating  membrane  is  drawn  back  into  the  inner 
corner  of  the  eye.  Fowls  and  all  other  birds,  wild  and  domes- 
ticated, as  well,  can  therefore  wink  without  moving  the  outer 
lids.     The  eye  worms  in  infested  fowls  are  found  in  the  inner 
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corner  of  the  eye,  underneath  the  nictitating  membrane.  In  full 
grown  fowls  the  worms  may  therefore  not  be  seen  by  a  casual 
observation  of  the  eye  unless  the  nictitating  membrane  is  lifted 
so  that  a  view  of  the  tear  sinus  or  cavity  underneath  the  nic- 
titating membrane  is  to  be  had.  In  an  examination  of  infested 
fowls  in  Honolulu  as  many  as  50  or  60  mature  worms  have 
been  found  under  the  nictitating  membrane  of  a  single  eye  with- 
out any  of  the  worms  appearing  in  sight  until  the  nictitating 
membrane  was  lifted.  In  small  chicks  from  ten  to  twenty  days 
old  the  sinus  under  the  nictitating  membrane  is  so  small  that 
the  worms  cannot  remain  concealed  in  it  when  the  outer  eye- 
lids are  opened,  therefore  the  worms  are  seen  wrigghng  over 
the  whole  surface  of  the  eye. 

METHOD  OF  EXAMINING  THE  EYE. 

For  the  rapid  examination  of  the  eyes  of  poultry  two  persons 
can  work  together  at  better  advantage  than  one  alone.  With 
the  aid  of  an  assistant,  or  by  holding  the  fowl  securely  under 
the  arm  and  holding  the  head  motionless  with  one  hand,  one 
may  press  firmly  with  the  thumb-nail  over  the  tear  pocket  at  the 
inner  corner  of  the  eye,  and  by  Tubbing  gently,  but  firmly,  may 
succeed  in  pressing  some  of  the  eye  worms  out  upon  the  sur- 
face of  the  eye-ball,  where  they  may  be  readily  secured.  This 
method  of  examining,  however,  is  not  very  satisfactory,  and  the 
worms  can  never  be  removed  completely  from  the  infested  eyes 
without  a  better  system.  The  mature  worms  wriggle  very  ac- 
tively and  immediately  disappear  under  the  nictitating  mem- 
brane after  having  been  pressed  out.  No  amount  of  manipula- 
tion by  the  method  just  mentioned  will  therefore  secure  a  com- 
plete removal  of  the  worms  from  the  eye.  The  constant  move- 
ment of  the  nictitating  membrane  in  such  manipulation  in  itself 
gathers  the  worms  and  carries  them  back  into  the  tear  pocket 
out  of  sight.  If  only  two  or  three  worms  are  present  in  a  single 
eye,  this  method  of  examination  might  fail  to  discover  them  at 
all,  and  the  erroneous  conclusion  might  be  reached  that  no  in- 
festation existed. 

In  the  examination  of  the  eyes  of  chickens,  and  particularly 
in  any  satisfactory  treatment  of  the  eye,  either  for  the  presence 
of  eye  worms  or  in  the  case  of  roup  or  sore-head,  the  use  of  a 
solution  of  cocaine  has  been  found  necessary  as  it  is  to  oculists 


in  the  examination  of  the  human  eye.  The  extreme  sensitive- 
ness of  the  eye  brings  about  a  rapid  and  continuous  movement 
of  the  nictitating  membrane,  wrhich  makes  it  practically  impos- 
sible to  examine  the  eye  thoroughly  until  it  has  been  desensi- 
tized or  anaesthetized  by  the  use  of  cocaine.  For  this  purpose 
a  5%  solution  of  cocaine  in  distilled  water  is  used,  and  may  be 
applied  to  the  eye  from  an  eye  dropper  or  by  making  a  small 
swab  of  cotton  on  a  toothpick,  rubbing  the  solution  over  the 
surface  of  the  eye.  Within  a  few  seconds  the  chicken  makes  no 
further  resistance  to  an  examination  of  the  eye.  A  small  swab, 
made  by  twisting  a  bit  of  cotton  about  the  end  of  a  toothpick, 
may  be  used  for  lifting  the  nictitating  membrane  in  order  to 
examine  the  eye  and  make  it  possible  to  drop  remedies  into  the 
cavity  under  the  nictitating  membrane,  where  the  eye  worms 
are  found.  If  the  simple  swab  just  mentioned  be  inserted  under 
the  nictitating  membrane  and  pushed  forward  to  the  inner  cor- 
ner of  the  eye  and  moved  upward  and  out  from  under  the  nic- 
titating membrane  again,  a  large  proportion  of  the  eye  worms 
may  be  rubbed  out  from  their  hiding  place.  If  two  or  three 
such  passes  with  the  swab  are  made  without  bringing  a  single 
worm  to  view  one  may  be  reasonably  certain  that  no  infestation 
of  eye  worms  is  present. 

The  use  of  a  solution  of  cocaine  in  examining  and  treating 
the  eyes  of  fowls  gives  us  the  means  of  making  this  examina- 
tion more  thorough  and  applying  remedies  with  better  effect 
than  could  possibly  be  accomplished  in  other  ways.  The 
method  was  first  suggested  by  Mrs.  W.  J.  Cooper,  and  has 
proved  very  successful  in  work  at  this  Station.  It  is  not  only 
of  use  in  examining  and  treating  eyes  for  eye  worm,  but  also 
in  case  of  roup,  sore-head,  or  any  other  eye  trouble.  It  is  im- 
possible to  lift  the  nictitating  membrane  and  drop  any  solution 
into  the  pocket  under  the  nictitating  membrane  without  the 
previous  use  of  cocaine;  unless,  however,  the  remedy  is  dropped 
immediately  into  the  pocket  under  the  nictitating  membrane  it  is 
of  little  or  no  effect,  particularly  in  the  treatment  of  eye  worms, 
for  the  reason  that  the  presence  of  whatever  remedy  is  used  of 
sufficient  strength  to  kill  eye  worms  causes  an  immediate  and 
excessive  secretion  of  tears  which  dilute  the  solution  of  the 
remedy  to  such  an  extent  that  it  is  useless,  or  at  least  of  no 
avail  in  killing  eye  worms.     For  example,  the  application  even 


of  creolin  or  zenoleum  by  dropping  it  upon  the  surface  of  the 
eye  by  merely  holding  the  two  outer  eye-lids  apart  will  never 
result  in  destroying  the  eye  worms  in  the  eye,  although  these 
substances  may  be  used  in  5  or  6%  solution.  In  applying  re- 
medies to  the  eyes  of  fowls  we  have  observed  that  tears  are 
formed  in  such  quantity  as  to  run  down  into  the  throat  in  al- 
most a  stream.  The  great  quantity  of  liquid  thus  formed 
dilutes  whatever  remedy  is  used  within  a  few  seconds,  so  that 
it  is  of  no  further  effect.  When,  however,  the  solution  of 
creolin  or  zenoleum,  which  we  have  found  most  effective  for 
the  destruction  of  eye  worms,  is  dropped  directly  upon  the 
worms  underneath  the  nictitating  membrane,  they  are  destroy- 
ed almost  instantly. 

TREATMENT  FOR  EYE  WORM. 

Several  remedial  measures  have  been  suggested  by  previous 
investigators  of  this  subject.  These  suggested  remedies  in- 
clude irrigating  the  eye  with  a  1  or  2%  solution  of  creolin  or 
chloronaptholeum,  a  solution  of  bicarbonate  of  soda,  and  re- 
moval of  the  worms  by  the  use  of  small  forceps.  As  already 
hinted  in  the  method  of  examining  the  eye,  the  use  of  forceps 
or  any  mechanical  method  for  removing  the  worms  is  altogether 
too  tedious  and  not  effective ;  moreover,  at  least  without  the  use 
of  cocaine,  it  is  likely  to  cause  more  injury  to  the  eye  than  does 
the  presence  of  the  eye  worm.  Such  weak  solutions  as  1  or  2% 
have  not  been  found  effective  in  killing  worms  in  the  eye. 

In  searching  for  better  methods  of  destroying  eye  worms  a 
number  of  remedies  have  been  tried  at  this  Station.  Experi- 
ments were  made  first  with  worms  previously  removed  from  the 
eyes  and  placed  in  watch  glasses.  Under  these  conditions  a  3% 
solution  of  zenoleum,  a  1%  solution  of  carbolic  acid  in  50% 
glycerin,  or  a  one-half  per  cent  solution  of  bichloride  of  mer- 
cury, would  readily  kill  the  worm.  These  remedies,  however, 
had  little  effect  on  these  worms  in  the  eye.  The  contact  of  the 
remedy  with  the  eye-lids  and  eye-ball  causes  an  irritation  which 
results  in  an  excessive  secretion  of  tears,  thus  almost  instantly 
diluting  the  remedy  used  for  destroying  the  worm.  At  first 
some  hesitation  was  felt  about  using  stronger  solutions  of  irrit- 
ant substances  directly  in  the  eye,  and  recourse  was  had  to  the 
use  of  more  or  less  bland  substances  such  as  castor  oil,  engine 


oil,  kerosene,  eucalyptus  oil,  cottonseed  oil,  boracic  acid  solution, 
certain  proprietary  eye  washes,  a  2%  solution  of  permanganate 
of  potash  and  peroxide  of  hydrogen.  None  of  these  substances 
was  of  any  value,  and  the  attempt  was  therefore  made  to  use 
stronger  solutions  of  creolin  and  zenoleum  after  anaesthetizing 
the  eye  by  the  use  of  a  5%  solution  of  cocaine.  When  this 
method  of  preparing  the  eye  is  used  and  the  solutions  of  creolin 
and  zenoleum  are  dropped  directly  upon  the  worms  in  the  pocket 
beneath  the  nictitating  membrane  a  considerable  percentage  of 
the  worms  are  destroyed,  when  either  creolin  or  zenoleum  is 
used  in  a  4%  strength.  Some  of  the  worms,  however,  resist 
even  this  strength,  and  it  was  often  necessary,  in  order  to  kill 
all  of  the  worms  in  the  eye,  to  use  5%  strength  of  creolin  and 
6%  of  zenoleum.  As  already  indicated  even  these  strengths  of 
the  remedies  in  the  eye  are  not  effective  unless  the  nictitating 
membrane  is  lifted  and  the  solutions  are  dropped  directly  upon 
the  worms.  The  dropping  of  these  remedies  in  the  eye  causes 
a  violent  wriggling  of  the  worms  and  a  desperate  attempt  to 
escape,  but  they  are  killed  almost  immediately.  If  fowls  treat- 
ed in  this  way  are  examined  48  hours  afterward  no  worms  will 
be  found  in  the  eye,  or  occasionally  a  number  of  dead  ones  may 
be  tangled  together  in  a  mass  which  is  not  easily  removed  by 
the  motion  of  the  nictitating  membrane.  The  moment  the  so- 
lution of  creolin  or  zenoleum  comes  in  contact  with  the  worms 
they  straighten  out  and  lose  the  power  of  holding  themselves 
in  the  pocket  under  the  nictitating  membrane  and  are  washed 
down  through  the  tear  duct  into  the  throat.  In  one  or  two 
instances  the  dead  worms  were  observed  coming  into  the  throat 
in  some  quantities  together  with  the  creolin  solution  which  had 
been  dropped  into  the  eye.  Doubtless  any  individual  dead 
worms  which  remain  in  the  eye  after  treatment  and  do  not  fall 
down  through  the  tear  duct  into  the  throat  would  ultimately 
be  removed  by  the  motion  of  the  nictitating  membrane  or  would 
be  dissolved  in  the  eye  fluid. 

The  treatment  just  described  results  in  a  slight  inflammation 
and  soreness  of  the  eye,  which  persists  for  perhaps  twenty-four 
hours,  which,  however,  does  not  prevent  the  fowls  from  feeding. 
Treated  fowls  during  the  first  twenty-four  hours  can  open  their 
eyes  when  they  wish  to  feed,  but  when  standing  about  during 
the  heat  of  the  day  keep  the  eyes  closed.     Within   forty-eight 


or  sixty  hours  the  irritation  caused  by  the  remedy  passes  away 
entirely,  leaving  the  eye  in  better  condition  than  it  was  before 
treatment,  as  a  result  of  the  irritation  caused  by  the  eye  worm. 

This  method  of  treatment  was  worked  out  in  a  long  series 
of  experiments  upon  adult  fowls.  In  a  poultry  yard  where  un- 
usual infestation  of  eye  worms  prevailed  we  had  occasion  to 
use  the  remedy  on  young  chicks  two  weeks  old.  The  method 
gave  excellent  results.  In  this  case  the  young  chicks  were 
dying  directly  as  the  result  of  infestation  of  eye  worms;  on  ac- 
count of  the  small  size  of  the  eyes  in  the  young  chicks  the 
worms  wriggled  across  the  whole  surface  of  the  eye-ball  con- 
stantly, thus  causing  an  irritation  and  inflammation  of  the  upper 
and  lower  lids,  nictitating  membrane  and  cornea  of  the  eye. 
The  inflammatory  exudation  of  the  eye  caused  the  lids  to  stick 
together  so  that  the  chickens  were  totally  unable  to  see  and  soon 
died  of  starvation.  In  the  case  of  these  young  chicks  the 
treatment  resulted  in  an  apparent  complete  recovery  in  twenty- 
four  hours.  Similarly  with  the  older  fowls  in  the  same  poultry 
yard,  some  of  which  had  developed  a  stumbling,  staggering  gait, 
from  partial  blindness  or  the  acute  irritation,  these  fowls  also 
recovered  within  a  few  hours,  and  the  owner  of  the  fowls  has 
since  treated  all  of  his  chickens. 

The  treatment  of  eye  diseases  has  always  been  a  bugbear  to 
poultry  raisers,  on  account  of  the  difficulties  involved  and  the 
tediousness  of  the  operation.  Unless  the  eye  is  anaesthetized 
by  cocaine  the  chicken  wriggles  its  head  so  violently  and  moves 
the  nictitating  membrane  so  constantly  that  it  is  almost  im- 
possible to  examine  or  treat  the  eye  thoroughly,  but  by  the 
method  described  in  this  bulletin,  a  poultryman  who  had  never 
tried  the  remedy  before  found  it  possible  to  give  thorough  treat- 
ment to  both  eyes  of  sixteen  fowls  in  an  hour.  The  method 
therefore  makes  the  examination  and  treatment  of  the  eyes  of 
poultry  a  practicable  operation  and  one  which  will  not  be  too 
tedious   for  any  poultryman. 

SYMPTOMS  OF  EYE  WORM  INFESTATION. 

The  symptoms  caused  by  the  presence  of  eye  worms  under 
the  nictitating  membrane  in  the  eyes  of  chickens  varies  greatly 
in  different  cases.  In  some  instances  there  may  be  from  20  to  50 
worms  in  either  eye  without  causing  any  apparent  irritation  or 
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inconvenience  further  than  is  evidenced  by  an  occasional  scratch- 
ing of  the  eye  on  the  part  of  the  chicken.  The  presence  of 
worms  in  the  eyes  of  chickens,  however,  is  not  always  an  in- 
different matter,  and  sometimes  causes  death  without  any  other 
contributing  causes,  particularly  in  the  case  of  very  young 
chickens.  The  worms  almost  always  cause  some  irritation  as 
evidenced  by  the  behavior  of  infested  fowls.  In  most  cases  a 
certain  amount  of  inflammation  can  be  observed  upon  the  cor- 
nea, the  eye-lids  and  particularly  in  the  nictitating  membrane, 
which  may  become  swollen  and  unusually  distended.  The  ex- 
cessive secretion  of  tears  is  an  almost  constant  symptom  of  this 
trouble.  In  long  standing  cases  the  eye  liquid  may  become 
thickened  and  purulent,  resulting  in  the  closing  of  the  eye-lids 
and  an  inflammation  of  the  eye-ball,  terminating  in  its  complete 
destruction.  There  are  many  cases  of  one-eyed  chickens  in 
which  eye  worms  were  the  prime  cause  of  the  trouble.  Na- 
turally the  presence  of  eye  worms  is  also  associated  with  the 
occurrence  of  roup  and  sore-head,  since  the  irritation  caused  by 
the  eye  worms  may  give  easy  lodgement  to  the  organisms  which 
cause  roup  and  sorehead.  It  often  happens,  therefore,  that  it  is 
impossible  to  say  just  how  much  each  one  of  these  factors  had 
to  do  with  the  ultimate  destruction  of  the  eye.  In  long  stand- 
ing cases  where  the  perulent  thickened  liquid  in  the  eye  finally 
becomes  caseous,  no  living  eye  worms  can  be  found,  but  occa- 
sionally a  few  dead  worms  will  be  found  embedded  in  this 
cheesy  mass  in  the  eye.  While,  therefore,  eye  worms  can  hardly 
be  said  to  cause  a  specific  disease,  with  uniform  symptoms,  they 
do  frequently  result  in  the  death  of  the  fowls,  almost  invariably 
render  more  easy  the  infection  of  fowls  with  roup  and  sore- 
head, and  always  cause  considerable  irritation  in  the  eye,  which 
may,  as  just  indicated,  result  in  a  destruction  of  the  eye  or 
even  in  the  death  of  the  fowl. 

THE  LIFE  HISTORY  OF  EYE  WORMS. 

Previous  investigators  of  this  subject  have  made  no  contribu- 
tion to  the  life  history  of  Manson's  eye  worm.  Until  the 
investigations  reported  in  this  bulletin  were  undertaken  nothing 
was  known  of  where  the  eggs  were  hatched,  how  and  where 
the  young  worms  pass  their  life,  nor  how,  nor  in  what  stage 
the  worms  gain  entrance  to  the  eyes  of  previously  uninfested 
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fowls.  Since,  therefore,  the  life  history  of  the  worms  was 
totally  unknown  it  was  thought  very  desirable  to  make  an  effort 
to  determine  this  in  part.  While  the  method  described  proved 
quite  efficient  in  destroying  the  worms  in  the  eye  it  still  seemed 
desirable  to  gain  some  idea  of  the  life  history  of  the  worms  in 
order  to  apply  any  additional  method  of  control  which  might  be 
suggested  by  the  knowledge  of  the  life  history  of  the  parasitic 
worm.  An  attempt  was  made  to  reach  some  definite  informa- 
tion about  the  life  history  of  the  worm  by  a  study  of  the  various 
possible  methods  by  which  the  worm  might  be  transmitted 
from  one  fowl  to  another. 

It  had  been  suggested  that  the  eye  worm  might  possibly  live 
for  a  portion  of  its  life  in  the  blood  of  infested  fowls,  or  might 
be  carried  by  the  biting  of  insects.  An  examination  was  there- 
fore made  of  the  blood  of  numerous  fowls  infested  with  eye 
worms.  No  stages  of  the  eye  worm  were  found  in  this  series 
of  blood  examinations.  The  only  filarial  parasite  found  in  the 
blood  was  Microfilaria  seguini.  This  organism  had  previously 
been  found  by  Mathis  and  Leger,  and  Ransom,  and  has  nothing 
to  do  with  the  life  stages  of  the  eye  worm. ' 

Infested  fowls  were  thoroughly  treated,  so  as  to  destroy  all 
worms  in  the  eyes,  and  were  then  confined  in  a  mosquito  proof 
house,  on  dry  board  floor,  for  two  and  one-half  months.  At 
the  end  of  that  time  no  worms  were  found  in  their  eyes,  and 
since  no  microscopic  forms  could  be  found  in  the  blood,  and 
none  appeared  in  the  eyes  after  the  original  infestation  had 
been  destroyed  it  was  considered  useless  to  make  further  ex- 
periments on  the  hypothesis  that  the  worms  were  carried  from 
fowl  to  fowl  by  any  biting  insect.  An  interesting  fact  observed 
by  a  number  of  previous  investigators  is  that  no  eggs  or  larval 
forms  of  the  eye  worm  can  ever  be  found  in  the  eye  of  infested 
fowls,  no  matter  how  badly  infested  they  may  be.  We  have 
made  numerous  careful  examinations  of  the  eye  liquid  from 
infested  fowls  and  have  never  discovered  a  single  egg  or  larval 
form  of  the  worm  in  this  liquid,  although  the  eye  may  contain 
numerous  mature  female  worms  completely  filled  with  eggs. 
It  was  at  once  suspected,  however,  since  the  eggs  and  larval 
forms  are  much  smaller  in  diameter  than  the  diameter  of  the 
tear  duct  that  they  would  be  promptly  washed  down  through 
the  tear  duct  by  the  flow  of  tears  caused  by  the  irritation  of  the 
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eye  from  the  eye  worm.  We  therefore  began  to  examine  the 
feces  of  infested  fowls  and  found  large  numbers  of  eggs  at 
once;  in  fact  the  minutest  granule  of  feces  suitable  for  one 
cover  glass  preparation  under  the  microscope  contains  from  2 
to  5  eggs.  In  all  of  the  examinations  which  we  made  on  the 
samples  of  feces  we  found  but  one  freshly  hatched  larva.  It 
appeared,  therefore,  that  the  eggs  must  hatch  after  passing  out 
of  the  body  along  with  the  feces.  The  numerous  eggs  which 
we  found  in  the  feces  and  the  one  young  larva  were  carefully 
identified  by  comparison  with  eggs  from  mature  female  worms 
and  from  larvae  obtained  by  hatching  such  eggs  in  1/10  normal 
salt  solution.  It  was  evident  that  these  were  washed  through 
the  tear  duct  by  the  eye  liquid,  issuing  in  the  throat  and  then 
being  swallowed,  and  then  passing  out  with  the  feces.  As  al- 
ready indicated  we  observed  this  process  in  the  case  of  mature 
worms  which  could  be  readily  seen  with  the  naked  eye.  Of 
course  the  eggs  and  newly  hatched  larvae  being  only  about  .2 
of  a  milHmeter  in  size  cannot  be  seen  by  the  unaided  eye.  It 
is  possible  that  the  cases  which  we  have  observed  of  the  natural 
disappearance  of  the  worm  from  the  eye  may  be  taken  as  in- 
dicating that  at  complete  maturity  some  of  the  female  worms 
pass  down  through  the  tear  duct  and  are  disintegrated  in  pass- 
ing through  the  intestines,  thus  setting  free  the  numerous  eggs 
which  they  contained. 

A  number  of  breeding  experiments  were  then  started  by 
placing  feces  from  infested  fowls  upon  moist  earth.  In  the 
first  experiments  we  used  ordinary  bare  soil,  fresh  from  the 
garden,  and  in  other  experiments  thoroughly  sterilized  soil.  It 
was  found  that  the  growth  of  the  young  larvae  was  much 
more  rapid  in  sterilized  soil.  Within  there  weeks  in  the  case  of 
unsterilized  soil  it  is  possible  to  find  numerous  young  larvae 
about  .2  millimeter  in  length.  They  were  active  and  showed  a 
number  of  methods  of  locomotion;  in  about  ten  days  they  were 
from  .3  to  .43  millimeter;  after  a  period  of  three  months  a 
number  of  forms  .5  millimeter  were  found.  In  the  sterilized 
soil  upon  which  the  feces  from  infested  fowls  was  placed  num- 
erous larvae  were  found  within  twelve  days  ranging  in  length 
from  .2  to  .8  millimeter.  The  soil  was  kept  moist,  or  practically 
saturated,  with  sterilized  water.  One  unhatched  egg  was  found 
in  the  soil  just  underneath  the  feces  even  after  23  days,  but  at 
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that  time  nearly  all  of  the  larvae  ranged  in  length  from  .4  to  .66 
millimeter.  After  a  period  of  four  months  a  number  of  larvae 
from  .85  to  nearly  1  millimeter  were  found  in  the  sterilized 
soil.  The  live  worms  in  this  soil  were  so  numerous  that  when 
a  small  particle  of  soil  was  placed  in  a  watch  glass  to  which  a 
bit  of  distilled  water  was  added,  one  drop  of  solution  taken 
up  in  a  pipette  and  placed  on  a  microscopic  slide  would  con- 
tain from  2  to  10  larvae. 

Since  the  growth  of  the  young  worm  in  moist  soil  seemed  to 
be  so  slow  it  was  thought  desirable  to  examine  the  soil  about 
badly  infested  poultry  yards.  Opportunity  was  had  to  get  soil 
of  this  sort  in  the  case  of  an  unusually  severe  infestation  of  eye 
worms  in  a  poultry  yard  in  Honolulu.  In  this  case  the  fowls 
were  allowed  to  run  about  the  lawn,  which  was  well  grassed 
over  except  for  small  circular  areas  about  the  base  of  certain 
fruit  trees.  On  these  small  areas  of  soil  the  fowls  rested  during 
the  heat  of  the  day,  digging,  dusting  themselves,  and  such  soil 
was  badly  contaminated  with  feces.  This  soil  was  kept  moist 
by  the  application  of  water  to  the  trees.  In  these  circular  areas 
about  the  trees  samples  of  soil  were  taken,  which  revealed  under 
the  microscope  untold  numbers  of  larvae  of  the  eye  worm,  as 
many  as  20  being  found  in  a  single  cover  glass  preparation. 
In  the  soil  underneath  the  roosts  in  the  simple  poultry  house  in 
the  case  in  question  no  larvae  were  found,  but  this  is  obviously 
to  be  explained  by  the  fact  that  the  soil  was  dry  and  kept  con- 
stantly dusted  with  quick  lime. 

The  young  larvae  of  the  eye  worm  in  the  soil  are  quite 
readily  distinguished  from  the  free  living  nematodes,  which 
are  abundant  about  the  roots  of  various  plants  in  tropical 
countries,  by  the  facts  that  the  eye  worm  larvae  have  no  spear 
or  projecting  mouth  parts  and  no  striation  upon  the  cuticle.  By 
the  time  the  larvae  reach  the  length  of  about  1  millimeter  the 
anatomical  differences  between  the  sexes  begin  to  appear ;  the 
tail  of  the  male  is  bent  ventrally,  as  in  the  case  of  the  adult, 
and  the  beginning  of  the  spicula  is  seen. 

It  would  appear,  therefore,  that  the  eye  worm  of  chickens  is 
essentially  a  facultative  parasite,  capable  of  living  a  large  part 
of  its  life,  probably  to  maturity,  in  damp  soil,  and  then  gaining 
entrance  to  the  eye  of  fowls,  where  it  lives  as  a  true  parasite. 
Similar  conditions   have   been   observed   by   Ercolani   who   car- 


12 

ried  a  number  of  parasitic  nematodes  through  several  genera- 
tions in  damp  soil.  The  species  with  which  Ercolani  worked 
were  Strongylus  filaria,  S.  armatus,  Arcaris  inflexa,  A.  vesicu- 
laris,  and  Ox3airis  curvata.  The  longest  larva  which  we  have 
thus  far  obtained  from  damp  soil  was  about  1  millimeter,  and 
the  shortest  immature  worm  which  we  have  ever  been  able  to 
find  in  the  eye  of  chickens  was  about  4  millimeters.  The 
cycle  of  the  life  history  of  the  eye  worm  is  therefore  not  quite 
completed,  and  the  absolute  proof  that  the  worm  gains  its  en- 
trance to  the  eyes  of  fowls  directly  from  the  soil  has  not  been 
brought  forward  the  circumstancial  evidence  which  we  have 
produced,  however,  is  so  strong  that  it  seems  impossible  to  as- 
sume any  other  method  of  transmission.  In  the  first  place  it  is 
beyond  question  that  the  worms  do  not  reproduce  or  multiply  in 
the  eye,  only  a  portion  of  the  Ufe  of  one  generation  is  passed  in 
the  eye.  The  eggs  are  immediately  washed  out  of  the  eye  into 
the  tear  duct  and  hatched  in  the  soil  after  passing  out  of  the 
body  with  the  feces.  Repeated  experiments  by  other  investiga- 
tors and  here  at  the  Station  have  shown  that  fowls  do  not  be- 
come infested  when  fed  with  material  containing  innumerable 
larvae  of  the  eye  worm.  They  cannot  therefore  disengage 
themselves  from  the  food  and  pass  up  through  the  tear  duct 
into  the  eye,  nor  have  they  the  ability  to  reach  the  eye  by  pass- 
ing through  tissues,  or  otherwise,  from  the  alimentary  tract. 
We  have  also  fed  uninfested  fowls  with  mature  eye  worms  with- 
out producing  any  infestation.  Similarly  an  infestation  of  the 
eye  cannot  be  brought  about  by  feeding  eggs  of  the  eye  worm. 
We  have  tried  placing  the  mature  eggs  and  young  larvae  in  the 
eyes  of  uninfested  fowls  without  producing  infestation;  they 
were  simply  washed  down  the  tear  duct,  as  would  have  hap- 
pened had  eggs  been  laid  by  mature  worms  in  the  eye.  It 
appears  to  be  impossible  for  an  eye  worm  to  maintain  a  hold 
and  keep  its  position  in  the  eye  until  it  has  reached  a  size  of  at 
least  3  or  4  millimeters. 

We  found,  however,  that  when  mature  or  nearly  mature 
worms  are  placed  on  the  outside  of  the  outer  eye-lids  they  al- 
most instantly  wriggle  into  the  eye.  It  seems,  therefore,  to  be 
practically  proved  by  circumstantial  and  other  direct  evidence 
that  the  eye  worm  gains  entrance  to  uninfested  fowls  directly 
from  the  soil  into  the  eye  in  the  process  of  dusting  and  rolling 
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about  in  the  soil,  and  in  picking  and  scratching.  The  frequency 
with  which  fowls  scratch  the  side  of  the  head  with  the  foot 
covered  with  soil  in  which  they  are  digging  has  often  been 
noticed,  and  the  opportunity  for  the  infestation  of  the  eye, 
where  the  soil  contains  thousands  upon  thousands  of  eye  worms, 
is  exceedingly  good.  It  is  certain  also  that  the  worm  gains  en- 
trance to  the  eye  only  after  it  has  become  nearly  or  entirely 
mature.  The  final  evidence  for  this  was  obtained  by  finding  a 
bad  infestation  with  mature  eye  worms  in  chickens  10  days  old. 
It  was,  of  course,  impossible  in  this  case  that  any  great  amount 
of  growth  in  the  worms  should  have  taken  place  after  they  gain- 
ed entrance  to  the  eye. 

When  infested  fowls  are  kept  in  a  cage  with  dry  board  floors, 
together  with  uninfested  fowls  no  spread  of  the  eye  worm  takes 
place  so  long  as  the  boards  are  kept  dry  and  the  feces  frequently 
removed.  We  have  carried  on  the  experiments  with  such  direct 
exposure  for  five  months  without  producing  any  infestation. 
When  fully  mature  worms  are  removed  from  the  eye  of  one 
fowl  and  placed  in  that  of  another  they  do  not  always  remain 
more  than  a  week  or  ten  days.  This  apparently  indicates  that 
their  life  functions  were  at  an  end  and  they  simply  passed  down 
through  the  tear  duct.  In  one  or  two  cases  of  bad  infestation 
the  worms  completely  disappeared  from  the  eyes  of  infested 
fowls  which  were  kept  confined  in  a  cage  on  dry  boards.  It  is 
apparent,  therefore,  that  so  long  as  no  opportunity  from  re- 
infestation  is  offered  from  infested  soil  a  single  infestation  has 
a  limited  course  and  ends  when  the  worms  have  reached  com- 
plete maturity  and  disappear  down  the  tear  duct. 

SUMMARY. 

It  appears  from  the  investigations  reported  in  this  bulletin 
that  the  eggs  of  the  eye  worm  of  chickens  are  either  laid  in 
the  eye,  from  which  they  are  immediately  washed  into  the 
throat  by  the  flow  of  tears  down  the  tear  duct,  or  are  set  free 
in  the  intestines  by  the  disintegration  of  mature  female  worms 
which  had  passed  down  the  tear  duct,  through  the  throat,  into 
the  intestines..  The  eggs  hatch  for  the  most  part  or  altogether 
in  damp  soil,  where  they  live  until  they  attain  at  least  one-third 
of  their  mature  size,  and  then  gain  entrance  to  the  eyes  of 
chickens   directly   from   the   soil.     The   best   treatment    for    the 
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destruction  of  the  eye  worms  in  the  eyes  of  fowls  consists  in 
anaesthetizing  the  eye  with  a  5%  solution  of  cocaine  and  then 
lifting  the  nictitating  membrane  and  dropping  a  5%  solution  of 
creolin  directly  into  the  inner  corner  of  the  eye,  under  the 
nictitating  membrane.  The  fact  that  soil  contaminated  with 
the  feces  of  infested  fowls  contains  thousands  of  the  larvae  of 
the  eye  worm  makes  it  obvious  that  means  should  be  taken  to 
destroy  the  young  worms  in  such  situations.  This  may  be  ac- 
complished by  applying  quick  lime  and  keeping  the  soil  as  dry 
as  possible,  and  also  by  the  frequent  cleaning  and  removal  of 
all  feces  from  infested  yards,  or,  in  the  case  of  bad  infestations, 
by  keeping  the  birds  on  dry  floors  which  can  be  frequently 
cleaned  until  the  infestation  has  disappeared. 
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PLANTATION   RUBBER  IN  HAWAII 

By 
W.  A.  ANDERSON. 

INTRODUCTION. 

The  rubber  industry  in  Hawaii  finds  itself  under  a  disadvant- 
age as  regards  the  cost  of  labor  as  compared  with  rubber  plan- 
tations m  other  countries.  The  price  of  labor  mav  be  reduced 
m  Hawau,  while  wages  in  most  of  the  rubber  plantation  coun- 
tries are  mcreasing.  How  far  this  movement  will  go  no  one 
can  say.  It  is  safe  to  predict,  however,  that  the  price  of  free 
labor  m  Hawaii  will  not  for  manv  vears  reach  the  level  of  the 
wages  paid  to  the  contract  labor  of  the  far  East.  To  be  sure 
the  cost  of  supervision,  and  general  "overhead  charges"  are 
rather  less  m  Hawaii.  There  still  remains,  however,  a  con- 
sirerable  balance  m  favor  of  the  Eastern  plantations. 

To  minimize  this  difference  will  require  constant  effort  toward 
better  methods  and  closer  economies.  Fortunatelv,  the  rubber 
industry  is  m  its  infancy  the  world  over,  and  holds  possibilities 
of  important  discoveries  in  methods  of  tapping,  and  even  pos- 
sibly, of  cultivation.  In  Bulletins  Nos.  16  and  19  and  Press 
Bulletm  No.  13,  of  this  Station,  are  given  the  results  of  various 
experiments  m  tapping,  and  general  observations  on  the  industrv 
m  Hawaii  up  to  the  time  of  their  publication.  The  aim  of  thi's 
Bulletin  IS  to  give  a  summary  of  the  observations  made  since 
their  publication. 

PLANTING. 

The  plantations  were  naturally  all  started  with  seedlings 
Cuttings  will  probably  henceforth  be  the  best  method  of  propa- 
gation. The  cuttings  planted  in  1907  have  grown  as  well  as 
seedlings  under  the  same  conditions,  and  vielded  as  well.  Plant- 
ing with  cuttings  permits  selection  from  'the  best  yielding  trees 
One  acre  was  planted  in  1911  in  this  way.     These  will  be  tap- 


pable  by  the  end  of  the  next  tapping  season,  when  they  will  bt; 
two  years  old.  It  will  then  be  possible  to  determine  whether 
or  not  they  partake  of  the  high  yielding  properties  of  the  parents. 
If  they  do,  this  will  prove  unquestionably  the  best  method  of 
extending  the  plantations,  as  the  well  known  variation  in  yield- 
ing capacity  of  different  trees  will  in  this  way  be  largely  elimi- 
nated, and  a  plantation  developed  on  which  all  the  trees  are 
good  yielders. 

While  100  trees  per  acre  would  appear  to  be  approximately 
the  proper  number  for  a  permanent  stand,  there  are  distinct  ad- 
vantages in  planting  closely  and  subsequently  thinning  out  by 
removing  the  poor  growers  and  poor  yielders.  Among  these 
advantages  are: 

A.  The  ground  is  more  quickly  covered  by  foliage,  making 
weeding  expense  less,  and  reducing  erosion. 

B.  The  trees  protect  each  other  to  a  greater  extent  from 
damage  by  heavy  winds. 

C.  Close  planting  allows  thinning  out  by  selection.  This  is, 
perhaps,  the  chief  advantage.  Thinning  out  can  be  done  as  the 
trees  begin  to  crowd  each  other,  by  first  removing  the  poorest 
growers,  then,  the  trees  which  have  been  found  to  yield  poorly. 
As  the  trees  are  not  true  to  seed  as  regards  yielding  properties, 
this  would  seem  to  be  the  only  effective  method  of  selecting 
the  best  individuals,  so  long  as  planting  is  done  with  seedlings. 
In  the  case  of  selected  cuttings,  naturally,  this  is  of  less  im- 
portance. 

D.  With  the  trees  closely  planted  better  results  are  ob- 
tained from  early  tappings.  Until  they  begin  to  crowd  each 
other  to  such  an  extent  as  to  affect  the  flow  of  latex,  it  is 
obvious  that  more  rubber  will  be  obtained  from  400  trees  per 
acre  than  from  100.  This,  of  course,  holds  equally  true  in  the 
case  of  cuttings.  So  long  as  the  yield  per  tree  is  not  affected, 
the  more  trees  per  acre  the  more  rubber  per  acre.  This  prin- 
ciple appears  to  be  gaining  ground  in  the  eastern  plantations, 
and  less  is  heard  than  formerly  of  the  discussion  as  to  close  vs. 
wide  planting^,  although  opinions  as  to  the  proper  distance  for 
the  permanent  stand  have  not  greatly  altered. 

The  disadvantages  urged  against  close  planting  are : 

A.  The  trees  are  apt  to  be  left  too  long  before  thinning,  so 
that  a  permanent  set-back  is  given  them.  This  objection  is  not 
necessary  to  the  system,  but  depends  on  the  planter. 

B.  Thinning  out  by  selection  leaves  the  trees  more  unevenly 
spaced  than  if  originally  planted  20x20.  This  irregularity  will 
permanently  increase  the  cost  of  tapping  per  acre. 

The  amount  of  this  increase  will  depend  on  the  method  or 
working.  For  instance,  if  the  trees  are  evenly  spaced,  20x20, 
there  are  108  trees  per  acre,  equivalent  to  9  rows  of  12  trees 

1.  See   Tropical   Agriculturist,   Jan.    1913. 
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shifting  at  the  ends  of  the  rows  ,making  a  total  distance  traveled 
of  2160  plus  180,  or  2340  feet,  in  tapping  one  acre.  If  the  acre 
contains  the  same  number  of  trees,  thinned  by  selection  from 
planting  10  by  10,  there  will  be  18  rows  containing  an  irregular 
number  of  trees  but  averaging  6  trees  per  row.  In  tapping 
by  rows,  the  man  must  travel  240  feet  for  each  of  the  18  rows, 
and  the  same  distance  as  before  in  shifting,  making  a  total  of 
4320  plus  180,  or  4500  feet,  in  tapping  the  acre.  The  difference 
is  2160  feet  additional  distance  traveled  in  tapping  the  irregular 
trees — nearly  twice  as  far,  and,  roughly  speaking,  one  mile  for 
each  two  and  one  quarter  acres  tapped.  In  tapping  a  thousand 
trees,  he  will  cover  9  acres,  traveling  an  additional  distance 
of  4  miles. 

This  difference  can  be  materially  reduced  by  tapping  two  rows 
at  a  time  in  the  second  instance  instead  of  one.  In  this  way, 
the  additional  distance  traveled  for  each  two  Hnes  will  be  re- 
duced to  about  five  feet  for  each  tree  in  the  second  line.  If 
this  second  line  contains  only  two  trees,  for  instance,  it  will  be 
necessary  to  travel  only  ten  feet  farther  in  tapping  these  two 
lines  than  in  tapping  one.  If  this  were  the  average  content  of 
second  lines,  then,  the  additional  distance  traveled  for  the  acre 
would  be  only  90  feet  or  810  feet  for  each  thousand  trees.  The 
maximum  possible  content  for  the  second  lines  is  six  trees, 
hence  the  miximum  possible  difference  in  travel  will  be  30  feet 
for  each  two  lines,  270  feet  per  acre  and  2430  feet  per  thousand 
trees — less  than  14  that  caused  by  the  single  row  system.  This 
applies  of  couse,  only  to  cases  where  the  trees  are  irregularly 
placed,  or  where  the  distance  between  each  two  rows  is  less 
than  the  average  distance  between  each  two  trees  in  the  rov/s. 
It  therefore  does  not  apply  to  either  the  10  by  10  planting  be- 
fore thinning,  or  20  by  20  planting. 

It  does,  however,  reduce  the  necessary  additional  cost  of  tap- 
ping per  acre  caused  by  irregular  spacing,  to  a  point  where,  as 
compared  with  the  advantages  of  close  planting  pointed  out 
above,  it  is  negligible. 

C.  Cost  of  thinning  out.  The  cost  of  cutting  down  and  re- 
moving trees  of  the  size  these  will  be,  if  removed  at  the  proper 
time,  is  more  than  "offset  by  the  gain  made  through  the  selec- 
tion of  the  best  ^  of  the  trees. 

D.  The  danger  of  fostering  diseases  and  pests  by  the  dead 
stumps  left  in  the  field  in  thinning  out.  This  is,  so  far,  a 
theoretical  objection.  In  some  of  the  Eastern  Hevea  planta- 
tions, where  the  policy  has  been  pursued  for  several  years,  no 
evidence  has  been  discovered  of  injury  from  this  source.  (See 
summary  of  paper  by  Mr.  C.  E.  S.  Baxendale  in  the  Tropical 
Agriculturist  for  Jan.  1913.)  It  can  be  guarded  against,  if 
considered  necessary,  at  some  additional  expense,  by  removing 
each.  Tapping  these,  one  row  at  a  time,  the  tapper  walks  240 
feet   for  each  of  nine  rows,  and  20  times  9,  or   180  feet  in 


the  stumps,   which  at  this  age  are  not  large.     So   far,  in  the 
Nahiku  district,  the  stumps  have  been  left  in  the  ground. 

On  the  whole,  the  practise  of  planting  the  trees  ten  by  ten 
.  and  thinning  out  by  selection  to  the  desired  number  per  acre  is 
justified  by  results.  Its  chief  advantages  are  the  increased  yield 
per  acre  during  the  first  tappings,  and  the  opportunity  it  gives 
of  thinning  out  the  poorer  trees,  leaving  only  the  best.  Most 
of  the  fields  have  been  thinned  somewhat,  but  comparatively 
few  acres  have  been  reduced  to  108  trees  per  acre.  This  will 
probably  not  be  completed  before  the  trees  are  8  or  9  years  old. 

CULTIVATION. 

The  question  of  cultivation  is  one  of  providing  for  the  proper 
nourishment.  The  three  main  factors  are  weeding,  fertilizing, 
and  aeration.  According  to  present  theories  there  are  two 
classes  of  noxious  weeds;  those  which  are  positively  injurious 
through  their  toxic  eflfects,  and  those  whose  injuriousness  is 
confined  to  the  removal  of  nec.essary  nourishment  from  the  soil 
Some  plants  may  cause  injury  from  both  these  causes.  Besides 
these  there  are  the  beneficial  weeds,  as  the  legumes.  It  is  also 
conceded  that  these  beneficial  plants  may  be  grown  under  such 
conditions  as  to  become  injurious;  as  with  legumes,  while  adding 
nitrogen,  they  might,  especially  the  shrubby  sorts,  under  certain 
conditions,  remove  too  much  potash  or  phosphoric  acid. 

Most  of  the  work  in  Nahiku  has  been  directed  toward  ex- 
termination of  injurious  weeds.  Some  attempts  have  been  made 
to  replace  the  injurious  weeds  with  legumes,  but  for  this  to  be 
done  to  the  best  advantage,  it  should  be  done  at  the  time  of 
planting  the  trees,  and  soon  after  clearing,  before  other  growth 
has  obtained  a  footing.  Cutting  the  grass  and  mulching  is 
recommended  by  some  authorities  for  orchards  in  hilly  country 
(Ohio  Exp.  Sta.  Bulletin  No.  240).  This  was  done  at  Nahiku 
for  about  four  years.  A  cheaper  and  apparently  as  effective 
method  was  found  in  the  arsenite  of  soda  spray,  which  is  the 
subject  of  another  bulletin  of  this  Station.  (Press  Bulletin  No. 
30.)  One  purpose  of  the  mulch,  the  conservation  of  moisture, 
is  not  needed  in  Nahiku.  The  spray  is  in  general  use  on  all 
the  plantations.  In  Nahiku,  the  abundant  and  frequent  rains, 
with  numerous  gulches,  in  which  water  can  be  found  convenient 
at  all  seasons  of  the  year,  make  it  especially  adapted.  It  allows 
the  air  to  get  to  the  soil  rather  better  than  the  cutting  and 
mulching,  as  the  dried  grass  stems  are  left  standing  for  some 
weeks  after  application  and  when  they  do  fall  over  it  is  a 
gradual  bending  down,  and  the  base  of  the  stems  still  hold  the 
mulch  slightly  off  the  soil  until  decay  is  somewhat  advanced. 

Arsenite  of  soda  should  not  be  allowed  to  touch  the  foliage 
of  any  trees  or  the  stems  of  Ceara  trees  under  two  years  of 
age,  or  of  Hevea  trees  at  all.     In  the  case  of  Ceara  trees  over 


two  years  of  age,  the  tough  outer  bark  furnishes  protection  from 
injury.  If  allowed  to  touch  them  where  this  bark  has  been 
recently  removed  for  tapping,  however,  all  the  inner  bark  is 
burnt  off  to  the  wood.  Properly  handled,  it  is  the  cheapest 
effective  method  of  weeding  yet  found.  Horse  cultivation,  where 
it  is  possible,  on  the  more  level  lands  gives  good  results,  but 
this  can  not  be  employed  on  all  the  lands  without  excessive  loss 
from  erosion.  Hoeing  the  entire  surface,  the  common  practice 
in  the  far  east,  is  impracticable  for  two  reasons,  the  loss  by 
erosion,  and  the  enormous  expense. 

INTERPLANTING. 

A  great  deal  has  been  written  and  considerable  work  done  on 
the  subject  of  keeping  down  obnoxious  weeds  fostering  the 
growth  of  those  less  obnoxious  or  of  beneficial  plants.  Passion 
vines,  peanuts,  Crotalaria  and  other  legumes,  have  been  used. 
With  all,  the  main  idea  was  the  choking  or  shading  out  of  un- 
desirable growth.  So  far,  we  have  not  found  this  profitable. 
It  is  possible  that  this  was  because  our  experiments  were  made 
after  the  Hilo  grass  and  other  troublesome  weeds  had  become 
established.  It  was  then  necessary,  in  order  to  get  the  beneficial 
plants  established,  to  keep  hoeing  out  the  undesired  growth.  It 
was  found  more  expensive  to  establish  and  maintain  the  legumes 
than  to  keep  the  grasses  down  with  the  spray.  It  is  possible 
that  the  advantages  gained  through  the  addition  of  nitrogen  by 
the  legumes  might  offset  this  additional  cost,  but  this  is  doubtful. 

A  better  practice,  where  horse  cultivation  can  be  employed,  is 
the  planting  of  intercrops,  which  are  valuable  for  themselves^ 
aside  from  weed  checking.  The  additional  cost  of  the  cultiva- 
tion can  be  more  than  recovered  from  field  corn,  Irish  potatoes, 
broom  corn,  and  probably  from  others.  Sweet  potatot--.  have 
been  found  to  grow  well  and  yield  heavily  on  the  lower  lands. 
If  a  profitable  local  use  can  be  found  for  these,  they  should  be 
a  good  crop  for  the  purpose,  as  the  vines  furnish  a  complete 
cover  to  the  soil  for  several  months,  and,  after  harvesting, 
supply  a  good  quantity  of  manure.  Field  corn  does  rather  bet- 
ter on  the  high  lands.  Broom  corn  grows  excellently,  and 
yielded  three  crops  from  one  planting.  The  bulkiness  of  the 
crop  in  comparison  with  its  value,  however,  makes  it  undesirable 
where  transportation  facilities  are  at  all  difficult.  In  general,  it 
may  be  said  that  any  crop  that  can  be  grown  profitably  in  the 
district  can  be  used  as  an  intercrop.  Naturally,  other  things 
being  equal,  the  crop  will  be  selected  which  will  take  the  least 
nourishment  from  the  trees.  In  soils  rich  in  humus,  as  most  of 
the  Nahiku  soils  are,  it  would  seem  that  no  serious  impoverish- 
ment of  the  soil  should  result  from  the  raising  of  two  or  even 
three,  crops  of  any  suitable  sort. 


FERTILIZING. 

Much  work  remains  to  be  done  on  this  subject.  Some  soil 
analyses  made  by  Mr.  Kelley  of  this  station,  showed  a  large 
amount  of  humus,  and  generally  speaking  a  sufficient  amount 
of  the  chief  food  essentials.  He  points  out,  however,  that  the 
occurrence  of  the  iron  in  the  ferrous  state  indicates  the  need  of 
aeration.  An  experiment  was  made  in  1909  to  determine  if 
possible  the  effect  of  ammonium  sulfate,  superphosphate  and  pot- 
assium sulfate,  alone,  and  in  combination.  Results  in  growth 
as  compared  with  the  check  trees  that  were  given  the  same  cul- 
tivation without  fertilizer,  were  not  marked,  and,  while  this  ex- 
periment is  not  considered  conclusive,  it  would  seem  to  indicate 
that,  considering  the  additional  cost  of  the  fertilizer,  possibly, 
for  some  time,  at  least,  aeration  and  cultivation  without  the 
addition  of  fertilizers  should  give  as  satisfactory  results. 

An  important  subject  of  investigation,  and  one  which  has 
not  as  yet  been  undertaken  on  a  large  scale,  is  the  effect  of 
fertilizing  on  the  yield  of  latex.  Some  experiments  were  made 
by  this  station  in  1909,  the  results  of  which  are  reported  in 
Bulletin  No.  19.  It  is  hoped  that  during  the  present  year,  these 
may  be  supplemented  by  a  carefully  planned  and  executed  ex- 
periment on  a  field  scale,  on  a  large  enough  number  of  trees  to 
make  individual  variation  in  yielding  properties  negligible,  and 
continued  from  the  beginning  of  the  growing  season  to  the  end 
of  the  tapping  season. 

AERATION. 

The  availability  of  plant  foods  in  the  soil  depends  on  a  suf- 
ficient supply  of  oxygen.  Most  of  the  soils  on  the  upper  lands 
in  the  Nahiku  Rubber  district  are  rather  finely  divided,  and 
either  saturated  with  moisture  to  the  exclusion  of  air  or  re- 
duced by  erosion  and  packing  to  impenetrability  to  either  air 
or  moisture.  In  some  places  ditches  have  helped  to  promote 
circulation,  but  something  further  is  needed  to  provide  thorough 
aeration.  Horse  cultivation  gave  quick  and  noticeable  results 
where  it  could  be  employed.  This,  however,  stirs  up  the  top 
soil  for  only  a  few  inches,  and  much  of  the  benefit  is  counter- 
acted by  the  loss  of  the  best  top  soil  from  erosion. 

In  April  of  this  year  an  experiment  was  made  with  dynamite 
in  the  hope  that  this,  in  connection  with  weed  eradication  by 
arsenite  of  soda,  might  furnish  a  fairly  complete  method  of 
cultivation  in  this  district,  where  the  combination  of  steep  slopes 
and  heavy  rains  and  finely  divided  soil,  covered  with  trees  hav- 
ing large  surface  roots,  makes  other  methods  of  cultivation 
difficult  and  expensive.  It  is  too  early  yet  to  note  the  effect 
on  the  trees,  but  the  experience  of  others  where  dynamite  has 
been   used   in   orchards,   leaves   the   question   only   one   of   the 


amount  of  benefit  received.  As  the  benefits  of  this  sort  of 
cultivation  have  been  found  to  last  for  10  to  20  years  on  the 
mainland,  the  cost  of  fifteen  to  twenty  dollars  per  acre,  would 
seem  to  be  small  as  compared  with  the  benefit  to  be  expected. 
In  damp  soil  the  dynamite  shows  a  tendency  to  make  a  balloon- 
shaped  hole,  and  the  shattering  effects  extends  over  a  smaller 
area.  The  holes  formed,  however,  are  as  a  rule  filled  with  well- 
loosened  soil,  providing  good  opportunity  for  aeration. 

TAPPING. 

The  tapping  difficulties  peculiar  to  the  Ceara  tree  are  due  to 
the  character  of  the  outer  bark  and  the  thinness  of  the  inner 
bark,  containing  the  latex  cells.  For  any  system  of  tapping  by 
excision  the  thinness  of  the  inner  bark  offers  the  chief  objec- 
tion. It  is  impossible  to  make  a  channel  that  will  extract  the 
maximum  amount  of  latex  and  conduct  it  to  the  cup  without 
frequently  reaching  the  cambium.  At  the  same  time,  the  nature 
of  the  outer  bark  offers  serious  obstances  to  tapping  by  in- 
cision. If  this  bark  is  not  removed  before  incision,  much  of 
the  latex  is  lost  between  the  outer  and  inner  barks.  The  follow- 
ing mothods  have  been  tried  on  the  trees  at  Nahiku : 

1.  Paring  and  collecting  in  cups  at  the  base  of  the  tree. 
Vertical  cuts,  single  V,  multiple  V,  half  herring  bone  and  full 
herring  bone  were  all  employed.  The  tendency  to  either  injure 
the  carnbium  or  fail  to  get  the  full  yield  of  latex  applies  equally, 
which-ever  system  of  cuts  is  employed. 

2.  Paring  and  pricking,  and  collecting  in  cups.  To  avoid 
injury  to  the  cambium,  the  excisions  were  made  more  shallow 
and  followed  by  pricking  to  get  the  latex  near  the  cambium. 
This  gave  better  results  than  1,  but  it  was  found  difficult  to  con- 
duct the  latex  in  the  shallow  channels. 

3.  Removal  of  the  entire  outer  bark  and  pricking  vertically 
with  a  wheel  pricker,  collecting  in  cups  at  the  base  of  t^"^  tree. 
This  gave  good  yields  immediately  after  ^';i  removal  of  the 
bark,  but  the  injury  caused  by  bark  removal  and  the  rapid  for- 
mation of  a  new  outer  bark,  preventing  a  long  series  of  tap- 
pings, after  one  stripping  with  the  cost  of  repeated  bark  re- 
moval, are  serious  objections. 

4.  Removal  of  the  outer  bark  in  horizontal  sections,  painting 
with  acetic  acid  to  coagulate  the  latex,  and  pricking  or  jabbing. 
This  method  is  advocated  by  Wicherly.  The  cost  of  applying 
acetic  acid  and  collecting  the  rubber  coagulated  on  the  trees  was 
too  high. 

5.  No.  4  was  modified  and  simplified  by  allowing  the  latex 
to  flow  to  the  ground  and  coagulate  there.  This  worked  very 
well  for  the  first  horizontal  section  and  the  first  stripping,  but 
on  higher  sections  too  much  latex  was  coagulated  on  the  tree, 
and  the  stripping  of  renewed  bark  was  expensive. 
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6.  Removal  of  the  outer  bark  on  a  one  foot  horizontal  sec- 
tion, followed  by  a  vertical  incision  with  a  knife-blade  the  full 
length  of  the  section,  allowing  the  latex  to  coagulate  on  the 
ground.  This  gave  good  results  until  the  first  section  had  been 
exhausted,  but  could  not  be  continued  higher  up  on  the  tree, 
and  subsequent  removal  of  the  renewed  outer  bark  at  the  base 
of  the  tree  was  very  expensive. 

It  became  evident,  during  the  progress  of  these  experiments, 
(a)  that  a  good  grade  or  rubber  could  be  obtained  more 
cheaply  by  allowing  the  latex  to  coagulate  on  the  ground  and 
washing  carefully,  than  by  using  cups  and  spouts;  (b)  that  a 
good  yield  could  be  obtained  from  a  knife-blade  incision  after 
removal  of  the  outer  bark;  (c)  that  the  outer  bark  should  be 
removed  in  sections  and  not  all  at  one  time.  Therefore,  a 
knife  was  needed  which  would  remove  this  outer  bark  on  the 
section  desired  at  one  operation.  It  is  the  renewed  bark  which 
gives  the  chief  trouble.  A  knife  was  finally  made  which  would 
remove  the  outer  bark  in  strips  of  any  desired  width,  leaving  the 
inner  bark  exposed  for  incision.  In  August,  1912,  tapping  was 
commenced  by  the  following  method:  The  outer  bark  is  re- 
moved in  a  vertical  strip,  ^-inch  wide  from  the  ground  to  a 
height  of  about  6  feet.  The  following  day  the  inner  bark  is 
jabbed  with  a  thin  blade  1-inch  wide,  as  light  in  weight  as  con- 
sistent with  the  necessary  rigidity.  The  incisions  are  made 
diagonally  sloping  upward  from  the  left,  at  an  angle  of  about 
45  degrees  and  about  4-inches  apart.  The  latex  flows  to  the 
lower  end  of  each  incision,  and  then  down  the  smooth  inner 
bark  to  the  next  incision  below,  follows  along  to  the  lower  end 
of  this,  then  down  to  the  next,  and  so  on,  till  it  reaches  the 
base  of  the  tree  in  a  single  stream.  This  is  repeated  on  each  of 
the  next  two  days,  making  three  tappings  by  incision,  in  three 
days.  On  the  day  following  the  last  tapping,  the  coagulated 
rubber  is  collected  and  taken  to  the  washing  machine. 

The  process  is  thus  divided  into  three  operations;  removmg 
the  outer  bark,  (excision),  jabbing  the  inner  bark  (incision), 
and  collecting.  The  best  men  are  selected  for  the  removal  of 
the  outer  bark.  After  a  few  weeks  of  experience  this  operation 
was  performed  at  the  rate  of  1200  trees  per  day's  work.  The 
jabbing  can  be  done  at  about  the  same  rate.  Collecting  is  at  the 
rate  of  about  12  to  15  lbs.  per  day's  work. 

During  the  eight  months,  August,  1912  to  April,  1913,  on 
one  field  of  trees  averaging  6  years  old,  it  took  710  days'  work 
to  tap  and  collect  2193  lbs.  washed  rubber.  During  the  same 
time  these  trees  produced  440  lbs.  of  rubber  that  coagulated  on 
the  trees,  and  was  collected  as  scrap.  Thus,  roughly  speaking, 
the  yield  may  be  estimated  at  three  pounds  per  day's  work,  and 
20%  of  the  latex  coagulates  on  the  tree. 

As  mentioned  above,  it  is  difficult  to  tap  the  Ceara  tree  by 
excision,  without  too  frequently  injuring  the  cambium.     At  the 


same  time,  the  character  of  the  outer  bark  makes  its  removal 
desirable  before  incision.  In  the  method  just  outlined,  the  aim 
is  to  remove  only  the  outer  bark  by  excision.  There  is  no  effort 
to  obtain  latex  at  this  operation.  It  does  happen,  however,  that 
the  knife  sometimes  enters  the  inner  bark.  The  effect  of  this 
instead  of  causing  injury,  is  simply  to  start  a  flow  of  latex. 
There  is  little  danger  of  injuring  the  cambium  in  removing  the 
bark.  The  chief  danger  lies  in  the  careless  use  of  the  jabbers. 
A  quick,  light  incision  causes  no  apparent  injury.  If  the  cut  is 
made  with  too  much  force,  however,  or  the  blade,  instead  of  be- 
ing directly  withdrawn,  is  allowed  to  turn  or  scrape  in  the  cut, 
a  wound  is  made  which  causes  a  permanent  lump  in  the  wood. 
The  chances  of  this  are  greater  in  the  case  of  small  trees  or 
trees  whose  bark  is  thin.  It  is  possible  that  a  wheel  pricker 
can  be  evolved  which  will  do  away  with  this  objection. 

The  method  of  collecting  directly  from  the  soil  without  cup". 
has  been  practised  widely  in  other  Ceara  growing  countries.  It 
is  hoped,  however,  that  a  container  will  eventually  be  found 
which  can  be  used  in  such  a  way  as  to  facilitate  collecting.  A 
circular  trough  of  cement  and  sand  is  now  under  trial  at  the 
Sub-Station. 

As  a  receptacle  it  is  quite  satisfactory,  when  properly  made, 
and  allows  tapping  on  the  lowest  portion  of  the  trunk,  which  is 
essential  to  the  best  yield.  Its  economy  will  depend  on  the 
length  of  time  the  trough  will  last  without  repairs.  Some  that 
have  been  on  the  trees  for  four  months  are  still  in  good  con- 
dition. 

The  proportion  of  rubber  that  remains  on  the  trees  to  be 
collected  in  the  form  of  scrap  varies  according  to  the  weather. 
During  dry  weather,  as  much  as  30%  has  been  collected  as  scrap, 
while  in  ordinary  weather,  with  daily  rains,  the  amount  is  much 
smaller,  and  during  November  of  last  year,  it  was  so  small  a^ 
to  be  not  worth  collecting.  While  the  so-called  "scrap  rubber" 
collected  in  this  way,  by  washing,  can  be  made  as  valuable  as 
that  collected  at  the  base  of  the  trees,  it  costs  more  to  collect, 
and  consequently,  the  greater  the  amount  of  scrap,  the  more  ex- 
pensive the  tapping  is  as  a  whole. 

During  Atigust  and  September  the  tapping  was  rather  light, 
but  through  October,  November  and  December  of  1912,  and 
January,  February,  March  and  nearly  through  April  of  1913 
the  trees  were  tapped  on  an  average  of  four  times  in  ^evcn 
days,  or  16  times  a  month.  As  previously  ascertained,  the  yield 
is  less  during  hot  dry  weather,  and  the  amount  of  scrap  is 
greater.  In  cloudy  and  rainy  weather,  such  as  occurs  usually 
in  October,  November  and  December,  and  in  February  and 
March,  and  often  in  April,  the  tapping  can  be  carried  on  well 
into  the  afternoon,  while  in  dry  weather  it  must  be  done  in  the 
morning.  It  was  found  good  practice  to  plan  the  work  so  as  tn 
have  the  jabbing,  from  which  the  latex  is  mostly  obtained,  done 


10 

in  tlie  morning,  and  to  use  the  labor  for  collecting  ana  ocner 
work  during  the  remainder  of  the  day.  The  conclusion  as  to 
the  proper  season  for  tapping  is  that  good  yields  can  be  obtained 
from  September  to  April,  in  ordinary  seasons. 

CURING. 

A  good  rubber  is  one  free  from  mechanical  impurities,  of 
high  tensile  strength,  high  elasticity,  and  low  resin  content. 
The  standard  with  which  all  rubber  is  compared,  is  Upriver 
Fine  Para.  Until  within  the  last  two  years,  this  rubber  re- 
ceived the  highest  prices  in  the  market.  Of  late,  however,  the 
sorts  generally  known  to  the  trade  as  "Ceylon  Plantation",  by 
which  is  meant  all  the  Far  Eastern  Plantation  Para  (Hevea)  rub- 
ber of  the  best  quality,  have  been  quoted  higher  than  Fine  Para. 
Ceylon  Plantation  rubber  contains  practically  no  mechanical  im- 
purities, while  Upriver  Fine  may  contain  as  high  as  15%  or 
even  20%.  Generally,  however,  the  purchaser  of  Para  is  pro- 
tected against  a  loss  of  more  than  a  certain  per  cent.  Ceara, 
or  Manihot,  rubber  contains  more  resin  than  Para,  and  is  gen- 
erally of  lower  tensile  strength. 

With  the  method  of  collecting  described  above,  it  is  naturally 
more  difficult  to  free  the  rubber  from  dirt  than  if  it  were  col- 
lected in  cups  and  kept  clean  throughout  its  manipulation. 
This  is  done  by  washing  with  corrugated  rollers,  which  leave  it 
in  the  form  of  coarse  crepe. 

Resin  content  is  generally  understood  to  be  affected  by  the 
variety  and  age  of  the  tree,  and  to  have  very  little  connection 
with  the  method  of  curing,  though  there  is  some  slight  indi- 
cation that  it  may  be  affected  by  the  character  of  the  weathe'* 
during  which  the  trees  are  tapped.  If  this  is  true,  it  would 
naturally  follow  that  it  would  be  affected  in  the  same  way  by 
the  general  climate  in  which  the  trees  are  grown.  The  data  on 
this,  however,  are  not  sufficient  at  this  time  to  warrant  a  definite 
conclusion.  The  indications  are  that  hot,  dry  weather  may  in- 
crease the  resin  content.  The  establishment  of  this  theory  is  a 
matter  for  further  investigation. 

Tensile  strength  and  elasticity  are  affected  by  the  method  of 
curing.  Our  experience  indicates  that  the  method  of  drying- 
has  more  to  do  with  this  than  the  method  of  washing.  Rubber 
dried  in  the  air,  with  no  attention  paid  to  light  or  temperature, 
was  graded  over  20%  below  rubber  treated  in  every  other  re- 
spect the  same,  so  far  as  our  records  could  determine,  but  dried 
in  the  vacuum  dryer  at  a  temperature  below  120°  F.  That  this 
was  due  in  large  measure  to  the  difference  in  temperature 
which  was  established  by  drying  one  sample  in  the  vacuum 
dryer  with  the  door  left  open,  so  that  no  vacuum  was  created. 
Under  these  conditions,  the  temperature  alone  was  responsible 
for  the  noticeable  increase  in  tensile  strength  and  stretch  which 
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took  place  during  three  hours.  As  the  Station  is  not  equipped 
with  apparatus  for  making  accurate  strength  tests,  either  ab- 
solute or  comparative,  only  rather  marked  differences  can  be 
noted  at  the  present  time. 

The  practice  during  most  of  the  1912-13  crop  on  the  planta- 
tions was  to  dry  in  the  atmosphere  for  two  weeks  or  more  and 
then  finish  the  process  in  the  vacuum  dryer.  The  manufacturer's 
tests  on  rubber  cured  in  this  way  given  below,  show  a  fairly 
uniform  product,  graded  by  them  at  5  to  10%  below  Ceylon 
Plantation. 

Below  are  the  results  of  the  seven  analyses  made  since  the 
adoption  of  this  method  of  drying: 


Loss  In 

Date. 

Washing 

strength 

Elasticity 

Resin. 

July    16.    1912.. 

.  .       %% 

1710 

157*" 

3.98% 

July    16,    1912.. 

.  .       %% 

1660 

15    " 

4      % 

July    16,    1912.., 

..    1      % 

1660 

15    " 

2.12% 

July    19,    1912.. 

** 

1640 

14y4" 

2.91 

Oct.    23,    1912.., 

'.'  ly^fo 

1620 

13% 

5.09 

Mar.  13,   1913.., 

..  272% 

1720 

13% 

2.90 

Mar.   13,   1913.., 

, .   1M> 

1740 
1675 

13% 

3.27 

AVERAGE    .... 

1.21% 

uy* 

3.47% 

••Very  slight. 

As  the  loss  in  washing  and  drying  includes  moixture  as  well 
as  other  foreign  matter,  it  is  plain  that  notwithstanding  the  large 
amount  of  dirt  collected  with  the  rubber,  it  is  possible  to  remove 
this  with  the  equipment  now  on  the  plantations. 

It  is  probable  that  quite  as  good  a  product  could  be  obtained 
with  a  properly  equipped  drying  room,  with  artificial  heat.  The 
comparative  economy  of  the  drying  room  and  vacuum  dryer 
would  constitute  the  determining  factor  in  the  final  choice. 

It  is  hoped  that  during  the  coming  year  the  Substation  may 
be  equipped  to  make  comparative  strength  tests  at  once,  when 
it  will  be  possible  to  determine  the  comparative  value  of  the  two 
methods  of  drying. 

There  is  a  possibility  that  the  additional  washing  required  to 
remove  the  large  amount  of  dirt  due  to  the  method  of  collecting 
may  weaken  the  rubber  somewhat.  At  present  we  have  not 
been  able  to  determine  this. 

The  rubber  from  which  the  analysis  of  October  23  was  made 
was  collected  during  the  summer  months,  when  the  weather  was 
warmer  and  dryer  than  during  the  winter.  The  high  resin  con- 
tent of  this  sample  lends  color  to  the  theory  that  the  weather 
or  climate  has  some  effect  on  the  quality  in  this  respect. 

We  are  indebted  to  The   Manhattan  Rubber   Manufacturing 
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Company  for  the  above  analyses.  In  reporting  on  various 
samples  tested  by  them  they  have  remarked:  ''Nahiku  Rubber 
is  almost  as  good  as  Ceylon,  except  that  there  is  some  loss  in 
washing."  The  above  rubber  compares  favorably  with  Ceylon, 
being  about  5  to  10%  poorer  in  quality."  ''About  10%  poorer 
than  Ceylon,  as  loss  in  washing  is  about  2  1-5%"  etc.  With 
regard  to  the  rubber  cured  in  light,  and  in  ordinary  temperature, 
their  comment  was  that  it  "could  best  be  classed  with  guayule." 

From  this  it  may  be  concluded  that,  tapped  and  collected  as 
above  described,  and  dried  in  the  vacuum  dryer,  our  plantations 
can  turn  out  a  product  about  5  to  10%  below  Ceylon  plantation 
rubber  in  quality.  Even  if  it  were  possible  to  make  our  Ceara 
rubber  equal  to  the  Ceylon  Para,  of  which  there  is  some 
doubt,  by  keeping  the  latex  clean  with  the  use  of  cups  and 
spouts,  the  additional  expense  would  more  than  offset  the  dif- 
ference. It  is  possible  also  that  with  better  facilities  and  greater 
experience  we  may  be  able  to  overcome  some  of  the  difference 
that  now  exists. 

It  was  found  that  if  the  temperature  of  the  heating  water  in 
the  vacuum  dryer  is  allowed  to  go  above  120°  F  the  rubber  be- 
comes soft  and  sticky  in  spots. 

SUMMARY. 

The  general  conclusions  with  regard  to  the  plantations  at 
Nahiku  are : 

a.  That  it  is  better  to  plant  closely  and  later  thin  out  to 
about  20  by  20  in  the  case  of  seedliings  than  to  plant  20  by  20. 

b.  That  propagation  by  selecting  cuttings  from  the  best  yield- 
ing trees  is  the  best  means  of  extending  the  plantations. 

c.  The  cheapest  effective  method  of  weed  eradication  is  by 
the  use  of  arsenite  of  soda,  and  indications  are  that  aeration 
can  be  obtained  without  excessive  erosion  by  using  dynamite. 

d.  The  best  method  of  tapping  so  far  is  by  removing  the 
outer  bark  in  narrow  vertical  strips  and  tapping  these  strips 
by  incision,  allowing  the  latex  to  coagulate  on  the  ground. 

e.  Drying  in  the  air  at  ordinary  temperature  has  not  given  a 
uniformly  good  product,  but  a  uniform  product  of  high  quality 
is  obtained  by  drying  for  two  weeks  or  more  in  the  air  at  ordin- 
ary temperature  and  finishing  in  the  vacuum  dryer  at  artificial 
temperature  not  greater  than  120°  F. 

f.  The  product  of  the  Hawaiian  plantations  can  be  depended 
upon  to  bring  a  price  within  5  to  10%  of  that  of  Ceylon  planta- 
tion rubber. 
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Introduction. 

The  natural  risks  and  difficulties  in  diversified  agriculture 
in  Hawaii  are  probably  not  greater  than  on  the  mainland.  Ha- 
waiian farming  communities  are  small,  however,  and  the  farm- 
ers are  somewhat  isolated  by  differences  of  race  and  customs 
and  by  lack  of  marketing  facilities.  Recognizing  the  many  arti- 
ficial difficulties  hindering  the  success  of  the  farmer,  the  Ter- 
ritorial Legislature  by  joint  resolution  of  the  session  of  1909 
appointed  a  fruit  growing  and  truck  farming  commission,  with 
the  special  agent  in  charge  of  this  Station  as  chairman.  The 
commission  made  a  careful  study  of  marketing  conditions  in 
Honolulu  and  elsewhere  in  the  Territory,  and  submitted  a  report 
on  the  subject  in  February,  1910.  The  report  contained  the  rec- 
ommendation that  the  Territory  assist  in  organizing  better  mar- 
keting conditions  for  local  produce.  It  was  originally  intended 
that,  the  work  be  done  iinfler  the  supervision  of  this  Station. 


The  attorney  general  ruled,  however,  that  the  Territorial  funds 
at  the  disposal  of  the  Station  could  not  be  used  for  that  purpose. 
The  Territorial  market  was  therefore  maintained  for  nearly  two 
years  under  the  Department  of  Immigration,  Labor  and  Sta- 
tistics. 

At  the  1913  session  of  the  Territorial  legislature  an  act  was 
passed  specifically  providing  funds  for  this  Station,  to  be  used 
in  furthering  the  production  and  marketing  of  miscellaneous 
agricultural  crops  of  a  promising  nature  which  had  up  to  that 
time  not  been  established  on  a  paying  basis.  The  allotment  of 
$30,000  provided  for  the  biennial  period  was  left  to  the  discre- 
tion of  the  Station.  It  was  suggested,  however,  that  sufficient 
funds  be  used  specifically  for  marketing  work  to  put  upon  a 
business  basis  the  marketing  of  miscellaneous  home-grown  prod- 
ucts in  Honolulu.  The  act  did  not  provide  for  the  transfer  of 
any  of  the  property  which  had  accumulated  and  been  used  by 
the  Department  of  Immigration,  Labor  and  Statistics  for  mar- 
keting. Neither  did  it  make  accessible  to  the  Station  any  of  the 
correspondence  relating  to  the  work  which  had  previously  been 
done  along  the  line  of  marketing.  It  was  necessary  at  the  start, 
therefore,  for  the  Station  to  learn  on  its  own  initiative,  the 
names  and  addresses  of  farmers  who  might  wish  to  take  advan- 
tage of  a  public  market  for  their  products,  and  to  make  known 
to  the  buying  public  the  fact  of  the  existence  of  such  a  market. 

The    Terbitoeial   Mabketing   Division. 

The  U.  S.  Experiment  Station  established  a  Territorial  Mar- 
keting Division  under  its  supervision  July  1,  1913.  The  work 
has  been  carried  on  for  10  months.  The  Division  has  received 
and  marketed  farm  produce  as  follows:  July,  1913,  $303.41, 
August  $125.56,  September  $262.11,  October  $84.05,  Novem- 
ber $802.53,  December  $1512.82,  January  1914,  $1820.82, 
February  $2171.61,  March  $4003.68,  April  $5509.42,  or  a 
total  of  $16,595.87  for  the  10  months.  The  total  expense  for 
this  work  has  amounted  to  $1490.99,  or  about  9  per  cent  of  the 
value  of  produce  marketed. 

The  consignments  sent  to  the  Division  have  included  pigs, 
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turkeys,  chickens,  ducks,  eggs,  butter,  beef,  corn,  beans,  peas, 
sweet  potatoes,  taro,  potatoes,  onions,  cabbage,  peanuts,  turnips, 
carrots,  beets,  asparagus,  celery,  rhubarb,  bread  fruit,  limes, 
oranges,  roselle,  poha,  bananas,  strawberries,  tomatoes,  peppers, 
honey,  rice,  charcoal,  coffee,  etc.  These  consignments  have 
come  chiefly  from  Hawaii,  Maui  and  Oahu.  About  150  farm- 
ers are  making  regular  shipments  to  the  Marketing  Division, 
and  the  number  of  consignments  is  more  than  150  per  month. 
A  growth  of  monthly  business  from  $300.00  to  $5500.00  in  10 
months  must  be  considered  quite  satisfactory. 

The  Marketing  Division  issues  weekly  a  list  of  the  prices 
which  have  ruled  for  all  kinds  of  local  produce  offered  in  the 
Honolulu  market  during  the  week.  This  list  is  furnished  to  all 
farmers  who  desire  it  and  to  all  newspapers  in  the  Territory. 
Advance  notification  and  estimates  are  received  from  farmers 
as  to  the  kinds  and  amounts  of  produce  which  they  will  have  for 
shipment  to  Honolulu.  About  100  letters  are-  received  weekly 
making  inquiry  as  to  the  condition  of  the  Honolulu  market,  the 
varieties  of  different  produce  preferred,  the  best  time  to  ship 
and  the  best  methods  of  grading  and  packing  produce  for  ship- 
ment. 

The  Marketing  Division  keeps  a  list  of  the  breeders  of  pure- 
bred stock,  and  thus  serves  as  a  directory  for  inquiring  buyers. 
This  is  of  mutual  benefit  to  the  breeder  and  buyer.  It  also  helps 
to  extend  the  raising  of  a  better  grade  of  stock. 

The  demand  for  reliable  farm  and  garden  seeds,  of  varieties 
preferred  in  the  Honolulu  market,  has  become  so  great  that  the 
Marketing  Division  will  hereafter  keep  a  supply  of  such  seed  by 
purchasing  at  the  lowest  wholesale  price  of  reliable  dealers,  and 
selling  to  the  farmer  at  cost  price.  A  few  local  farmers  are 
growing  a  good  quality  of  seed-corn,  cowpeas,  etc.  The  Market- 
ing Division  finds  a  sale  for  such  seed. 

This  Station  has  for  several  years  strongly  advocated  the  for- 
mation of  cooperative  societies  among  farmers  to  facilitate  the 
marketing  of  produce,  and  for  social  and  educational  purposes. 
Four  such  associations  are  now  in  vigorous  operation.  These 
associations  have  greatly  furthered  the  development  of  diversi- 


fied  agriculture  in  Hawaii.  Their  members  number  several 
hundred.  When  the  farmers  in  these  communities  began  to 
study  marketing,  thej  found  in  some  communities,  notably  so 
on  Kauai,  that  the  plantations  and  general  merchandise  stores 
in  their  immediate  neighborhood  would  take  more  miscellaneous 
produce  than  the  farmers  were  then  raising.  The  first  market 
problems  were,  therefore,  met  in  connection  with  the  local  home 
market.  The  surplus  above  the  demands  of  the  home  market  is 
sent  to  Honolulu.  If  an  over-supply  should  threaten  to  accumu- 
late in  Honolulu,  it  is  sent  by  the  Marketing  Division  to  San 
Francisco. 

Much  of  the  time  and  energy  of  the  Marketing  Division  has 
been  absorbed  in  bringing  about  better  methods  of  handling, 
grading  and  packing  produce.  The  modern  market  requires  that 
all  produce  be  graded  according  to  size,  color  or  quality  so  that 
each  package  shall  contain  one  uniform  grade  of  product.  The 
pack  must  be  honest.  Produce  must  be  clean,  sound  and  of  neat 
appearance.  There  is  no  place  in  the  market  for  jumbled  mix- 
tures of  job-lots  or  odds  and  ends.  No  farmer  can  establish  a 
business  without  observing  these  fundamental  requirements. 
Standardization  of  products  and  an  honest  pack  are  the  foun- 
dation stones  upon  which  alone  the  farmer  can  build  up  a  busi- 
ness. Simple  and  obvious  as  these  matters  are,  they  neverthe- 
less have  to  be  learned  anew  in  each  community. 

There  are  very  few  examples  of  similar  experiments  in  gov- 
ernmental supervision  of  the  marketing  of  farm  products.  Even 
the  ISTew  Zealand  plan  is  less  direct.  Hawaii  is  therefore 
among  the  pioneers  in  this  work.  The  Territorial  Marketing 
Division  has  proceeded  upon  no  mere  economic  theories  of  mar- 
keting. There  was  a  condition,  not  a  theory,  to  meet.  Hawaii- 
an farmers  declared,  almost  unanimously,  that  it  was  useless  to 
raise  farm  produce,  for  the  simple  reason  that  the  Honolulu 
market  did  not  offer  enough  for  it  to  pay  the  cost  of  production 
and  freight.  A  restatement  of  economic  principles  offered  lit- 
tle comfort.  Before  it  was  possible  even  to  formulate  a  general 
plan  of  operations,  it  was  ttecessary  to  bring  more  local  produce 
to  the  Honolulu  market,  and  to  dispose  of  it  at  a  profit  to  the 


farmer  sufficient  to  encourage  him  to  grow  still  more  produce 
for  the  market.  The  mere  fact  that  the  city  dealer  makes  a 
profit  in  handling  farm  produce  does  not  in  any  way  help  to 
promote  agriculture.  The  farmer  himself  must  make  a  reason- 
able profit  or  agriculture  will  languish. 

The  Territorial  Marketing  Division  therefore  began  at  the 
beginning.  A  survey  was  made  of  the  Honolulu  produce  mar- 
ket. The  farmers  were  informed  what  kind  of  produce  could  be 
handled  to  the  best  advantage^  what  varieties  were  best  to  grow, 
how  the  produce  should  be  graded  and  packed,  and  when  it 
should  be  shipped.  When  the  produce  began  to  arrive,  it  was 
turned  over  directly  to  buyers  at  the  best  obtainable  price.  The 
presence  of  local  produce  in  Honolulu  gradually  became  known 
to  dealers,  army  posts,  hotels  and  other  institutions.  The  de- 
mand for  Island  produce  increased.  The  farmers  were  notified 
of  this  increased  demand.  More  and  more  produce  came  to 
town.  Moreover,  the  quality  improved  and  the  supply  became 
more  uniform.  As  soon  as  the  shipments  became  so  large  that 
they  could  not  be  handled  on  the  day  of  arrival,  a  store-room  was 
leased  on  Queen  street  opposite  Pier  15.  Later  it  became  neces- 
sary to  lease  another  room  for  the  more  economic  handling  of 
the  material.  These  are  the  simple  steps  in  the  movement  to 
organize  the  agricultural  market  of  the  Territory. 

In  addition  to  the  rapidly  increasing  amount  of  produce 
handled  by  the  Marketing  Division  in  Honolulu,  mention 
should  be  made  of  the  improvement  of  local  markets  on  the  other 
•  Islands  under  the  influence  of  the  substations  and  cooperative 
associations  which  have  been  established  by  this  Station.  The 
increased  sale  of  farm  produce  from  this  influence  is  more  than 
$1,000  per  month. 

Business  Aspects  of  the  Work. 

As  the  result  of  the  establishment  of  the  Marketing  Division^ 
an  active  demand  for  seed  of  all  kind  has  arisen,  and  greatly 
increased  areas  are  being  planted  to  miscellaneous  farm  and  gar- 
den crops.  This  direct  stimulation  of  agriculture  is  due  solely 
to  two  facts.     The  Marketing  Division  provides  a  much  larger 


outlet  for  local  farm  produce  than  has  heretofore  been  offered, 
and  the  farmer  receives  a  reasonable  profit.  Taking  an  aver- 
age from  the  whole  list  of  farm  produce,  it  is  found  that,  of 
every  dollar  which  the  consumer  pays  for  produce  at  the  retail 
store,  the  farmer  receives  35  cents,  while  20  cents  goes  for 
freight  and  hauling,  20  cents  to  the  commission  man  and  25 
cents  to  the  retailer.  In  Honolulu,  the  Marketing  Division 
secures  for  the  farmer  10  to  20  per  cent  more  for  his  produce 
than  he  would  otherwise  obtain.  The  average  increase  of  re- 
turns to  the  farmer  is  above  15  per  cent.  It  should  be  remem- 
bered also  that  much  of  what  the  Marketing  Division  now  sells 
could  not  be  marketed  directly  by  the  individual  farmer.  By 
adding  the  15  cents  to  the  35  cents  which  the  farmer  would  oth- 
erwise obtain,  it  is  seen  that  the  farmer  gets  50  cents  and  the 
commission  man  5  cents  out  of  the  consumer's  dollar — a  far 
more  equitable  division.  This  redistribution  of  the  money  ob- 
tained from  the  sale  of  farm  produce  benefits  the  farmer  without 
increasing  the  retail  price.  A  substantial  encouragement  is  thus 
offered  to  the  man  with  the  hoe.  There  is  no  other  way  of  build- 
ing up  an  enthusiastic  and  efficient  population  of  farmers. 
There  is  no  other  way  of  getting  under  cultivation  the  relatively 
large  area  of  idle  land  in  Hawaii. 

How^  far  can  the  production  of  miscellaneous  farm  crops  be 
profitably  increased  ?  Until  every  acre  of  agricultural  land  in 
the  Territory  is  producing  all  that  it  can  be  made  to  produce. 
Hawaii  imports  annually  products  to  the  value  of  $1,690,000, 
all  of  which  could  be  produced  in  Hawaii  at  a  profit.  This  ma- 
terial could  readily  be  marketed  through  the  machinery  already 
set  in  operation  by  the  Marketing  Division.  An  organized  sys- 
tem of  cooperative  marketing  will  solve  the  problem. 

Through  the  agency  of  the  Marketing  Division  the  farmers 
are  able  to  keep  a  more  uniform  supply  of  local  produce  in  Ho- 
nolulu. There  is  no  other  way  of  building  up  the  trade  in  local 
produce.  Farm  produce  is  required  for  the  table  of  the  city 
dweller  daily.  The  grocer  must  therefore  have  a  regular,  de- 
pendable supply.  No  single  farmer  can  maintain  a  regular  sup- 
ply.   No  number  of  farmers,  however  large,  can  properly  adjust 


the  supply  to  the  demand,  if  they  ship  independently  to  various 
dealers.  The  lack  of  organization  was  what  kept  the  Honolulu 
market  in  a  chaotic  state.  All  the  growers  would  ship  their 
produce  to  Honolulu  at  the  same  time.  Perhaps  large  shipments 
of  the  same  kind  of  material  had  just  arrived  from  San  Fran- 
cisco. As  a  result  of  this  haphazard  proceeding  the  prices  were 
too  low  to  pay  freight  and  commission.  Then  the  farmers  would 
cease  growing  that  kind  of  produce.  A  little  later  when  the 
market  was  bare,  the  farmers  would  hear  that  the  prices  were 
high  again.  Then  they  would  replant  only  to  get  another  crop 
ready  for  a  flooded  market.  This  is  an  old  story  of  what  has 
recurred  times  without  number  in  every  farming  community 
where  marketing  is  unorganized. 

With  reference  to  the  problem  of  adapting  the  supply  of  farm 
produce  to  the  demand,  the  Territorial  Marketing  Division  acts 
as  a  clearing  house  of  ideas  which  will  gradually  bring  about  the 
desired  improvement  of  conditions.  By  spreading  practical  in- 
formation about  coperative  associations  of  farmers,  the  growers 
are  helped  to  better  methods  of  supplying  their  immediate  local 
markets.  By  receiving  constant  information  about  the  state  of 
the  Honolulu  market,  the  growers  are  enabled  to  ship  the  right 
kind  of  produce  to  Honolulu  at  the  right  time.  By  getting  con- 
stant advice  as  to  the  San  Francisco,  Portland,  Seattle  and  Los 
Angeles  markets,  the  Marketing  Division  is  in  a  position  to  pre- 
vent a  flooding  of  the  Honolulu  market  by  shipping  produce  to 
the  mainland  to  the  best  advantage  of  Hawaiian  farmers. 

The  Future  of  the  Marketing  Division. 

Judging  by  the  increased  farm  operations  reported  by  the 
farmers  and  the  still  greater  proposed  extension  of  hog  and  poul- 
try raising  and  general  farming,  the  produce  sent  to  the  Market- 
ing Division  will  reach  a  value  of  $10,000  per  month  within  a 
year's  time,  or  at  the  rate  of  $120,000  per  year.  This  amount 
of  business  can  easily  be  handled  by  the  Division  at  an  expense 
of  $5000,  or  slightly  more  than  4  per  cent  of  the  business.  This 
$120,000  annually  will  be  largely  new  value,  the  creation  of 
which  was  made  possible  by  the  establishment  of  a  rational  sys- 


tern  of  marketing.  It  may  be  safely  asserted  that  the  Territory 
could  not  expend  $5000  more  profitably.  Even  at  present  every 
dollar  invested  produces  $11.50.  When  the  volume  of  business 
mentioned  above  is  reached,  each  dollar  expended  will  produce 
$24.  And  even  this  small  expenditure  is  in  the  line  of  straight- 
forward, rational  development;  not  paternalism.  It  helps  the 
farmer  to  help  himself.  It  helps  the  farmer  to  become  the  sub- 
stantial, independent  citizen  which  every  community  needs. 

The  experience  of  the  past  ten  months  has  clearly  indicated 
two  directions  in  which  the  organization  of  the  Marketing  Divi- 
sion could  profitably  be  extended — a  branch  office  in  San  Fran- 
cisco and  a  retail  department  in  connection  with  the  Honolulu 
office. 

It  will  probably  be  necessary  to  establish  a  San  Francisco 
branch  during  the  next  fiscal  year.  This  branch  will  require 
nothing  but  one  man  and  a  convenient  office  room.  The  busi- 
ness of  this  man  will  be  to  make  a  study  of  the  San  Francisco 
markets,  learn  what  produce  can  be  disposed  of  there  to  better 
advantage  than  in  Honolulu,  and  make  a  place  in  the  San  Fran- 
cisco market  for  certain  Hawaiian  produce.  As  in  all  other  lines 
of  work,  success  will  depend  on  the  man.  He  will  require  an 
apprenticeship  in  cooperative  marketing  in  the  service  of  the 
Marketing  Division  before  it  will  be  wise  to  entrust  the  positon 
to  him.  It  is  hoped  that  the  man  will  be  ready  for  the  place 
when  the  place  is  ready  for  the  man. 

There  are  several  important  things  to  be  done  in  San  Fran- 
cisco. A  better  means  of  marketing  Hawaiian  coffee  must  be 
devised — a  means  by  which  Hawaii  will  get  credit  for  growing 
the  coffee  and  the  grower  get  a  better  profit.  It  is  necessary  to 
learn  what  is  the  matter  with  the  business  of  shipping  fresh 
Hawaiian  pineapples  to  the  mainland,  and  how  this  business  can 
be  increased  ten  times  or  more.  The  San  Francisco  branch  of- 
fice will  also  have  to  find  the  right  dealer  to  handle  Hawaiian 
cooking  bananas  and  sweet  potatoes.  There  are  hundreds  of  op- 
portunities in  the  Pacific  Coast  markets  which  Hawaii  now 
misses  by  reason  of  having  no  one  in  San  Francisco  to  look  after 
the  interests  of  the  miscellaneous  agricultural  industries.    The 


few  products  just  mentioned  merely  begin  the  list  of  Hawaiian 
materials  of  interest  to  the  mainland. 

The  problem  of  a  retail  department  of  the  Marketing  Divi- 
sion in  Honolulu  is  not  a  simple  one.  Hundreds  of  citizens  of 
Honolulu  are  demanding  it,  and  the  demand  is  more  insistent 
every  day.  The  additional  expense  of  operating  a  retail  depart- 
ment will  have  to  be  borne  by  the  farmers  and  consumers  jointly. 
In  other  words,  it  should  be  a  cooperative  store,  affiliated  with 
the  Marketing  Division.  Such  an  arrangement  could  probably 
best  be  brought  about  by  a  cooperative  organization  of  consum- 
ers in  Honolulu.  If  a  cooperative  store  were  established  in  affil- 
iation with  the  Marketing  Division,  the  ideal  marketing  system 
would  be  realized,  namely,  one  in  which  all  unnecessary  links 
are  eliminated  from  the  chain  which  connects  the  producer  and 
the  consumer. 

Ultimately  each  farming  community  will  be  organized  into  a 
cooperative  association  with  a  business  manager  who  will  attend 
to  the  shipment  of  all  the  produce  of  the  community.  The  Mar- 
keting Division  can  then  make  returns  to  the  business  manager 
of  each  community.  In  that  way  the  correspondence  and  book- 
keeping of  the  Marketing  Division  will  be  greatly  simplified. 

For  these  first  few  months  the  Territory  has  borne  all  the 
expense  of  the  Marketing  Division.  Henceforth  the  actual  cost 
of  labor  and  hauling  will  be  charged  against  the  produce,  while 
the  expense  of  supervision  will  be  carried  on  Territorial  funds. 
Both  of  these  items  of  expense  will  automatically  diminish  to  a 
low  constant  percentage  as  the  volume  of  business  increases. 

Territorial  supervision  of  marketing  must  be  continued  for 
some  time — just  how  long  it  is  impossible  to  predict  at  present. 
When  the  plan  was  set  in  operation,  July  1,  1913,  it  was  thought 
that  after  about  four  years  of  experience,  the  farmers  would  be 
sufficiently  well  organized  to  take  charge  of  all  the  marketing 
operations.  It  would  be  a  mistake,  however,  to  withdraw  Terri- 
torial supervision  too  soon.  As  a  matter  of  fact,  it  is  a  good  bus- 
iness proposition  for  the  Territory  to  continue  the  supervision 
indefinitely  since  such  striking  results  are  obtained  from  so 
small  an  expenditure.     It  is  merely  a  systematic  effort  of  the 


10 

Territory  to  put  agriculture  on  a  paying  basis  and  to  distribute 
farm  products  in  a  businesslike  manner. 

Acknowledgments. 

The  Territorial  support  of  the  Marketing  Division  was  pro- 
vided in  Act  147  of  the  1913  session  of  the  Legislature.  The 
men  chiefly  concerned  in  forwarding  the  movement  were 
Speaker  H.  L.  Holstein,  Representatives  G.  P.  Cooke,  A.  F.  Ta- 
vares,  S.  S.  Paxson  and  G.  H.  Huddy,  and  Senators  H.  B.  Pen- 
hallow  and  A.  J.  Wirtz. 

The  farmers  of  Hawaii  have  promptly  risen  to  the  occasion. 
Their  efforts  are  rapidly  increasing  the  amount  of  fresh  home- 
grown produce  available  to  the  Honolulu  and  San  Francisco 
markets. 

The  Ad  Club  and  the  newspapers  of  Honolulu  have  repeated- 
ly and  most  efficiently  directed  attention  to  the  home  market 
furnished  by  the  Marketing  Division. 

The  citizens  of  Honolulu  have  enthusiastically  welcomed  the 
opportunity  for  obtaining  a  larger  quantity  of  fresh  farm  prod- 
uce. 

The  Marketing  Division  could  never  have  been  brought  to 
its  present  state  of  efficiency  without  the  whole-souled  service 
and  complete  devotion  of  the  men  upon  whose  shoulders  the  real 
work  fell.  Such  a  movement  as  the  present  system  of  market- 
ing looks  simple  and  easy  when  it  is  once  set  running  smoothly. 
But  perhaps  no  one,  who  has  not  been  through  the  experience, 
can  quite  realize  the  thousands  of  trying  situations  and  annoy- 
ing troubles  which  must  be  met  and  adjusted  into  a  harmonious- 
ly working  system.  Cooperative  bookkeeping  is  a  puzzling  laby- 
rinth, compared  with  ordinary  business  accounting.  The  ma- 
ehinery  of  the  marketing  system  was  set  up  and  put  in  opera- 
tion by  Mr.  A.  T.  Longley  of  this  Station.  With  him  was  later 
associated  Mr.  O.  B.  Lightfoot.  The  rapid  increase  in  business 
and  the  extremely  low  cost  of  handling  the  business  are  suffi- 
•cient  evidence  of  the  efficiency  of  these  men. 
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Peoduce  Quotations. 

The  prices  quoted  in  the  following  market  notes  for  Hawaii- 
an produce  are  based  on  the  experience  of  the  Territorial  Mar- 
keting Division  during  the  past  ten  months  and  are  therefore 
merely  the  prices  which  have  prevailed  during  that  period.  The 
prices  for  many  of  the  articles  run  along  very  uniformly  with 
little  variation  from  month  to  month.  One  of  the  effects  of  a 
well-regulated  market  is  to  steady  the  prices  and  prevent  over- 
flooding  the  market,  and  the  consequent  great  fluctuation  in 
prices.  Farmers,  however,  must  not  assume  that  the  prices  given 
in  the  following  notes  will  hold  good  for  next  year.  The  prices 
may  be  either  lower  or  higher  for  any  of  the  articles  which  are 
commonly  handled  in  the  Honolulu  market.  Moreover,  the  rec- 
ommended methods  of  packing  and  shipment  are  necessarily  of 
a  temporary  nature,  and  may  be  modified  from  time  to  time  as 
experience  accumulates  regarding  these  matters. 


12 


MAEKET   NOTES   FOE   FAEMEES 


By  a.  T.  Lofgley 


Alligator  pears  are  in  great  demand  all  the  year,  especially 
during  the  months  when  the  supply  is  short.  The  market  is 
over-supplied  at  the  height  of  the  season.  The  first  shipments 
come  in  from  Kona  about  March  1.  At  the  height  of  the  sea- 
son it  is  doubtful  if  it  would  pay  to  ship  pears  from  the  other 
islands  to  Honolulu.  The  fruit  should  be  shipped  in  orange 
boxes,  well  packed  in  excelsior  or  hay.  Do  not  ship  in  bags. 
The  long  green  bottle-necked  variety  is  the  favorite  in  the  Hono- 
lulu market.  Prices  range  from  35  cents  a  dozen  for  fruits 
coming  in  at  the  height  of  the  season  to  $1.50  a  dozen  for  early 
and  late  varieties.  This  fruit  is  not  permitted  to  enter  Cali- 
fornia. 

Artichoke, — There  is  a  limited  market  for  this  vegetable  in 
Honolulu  at  good  prices  as  imported  artichokes  are  used  entirely 
in  Honolulu.  Artichokes  do  well  in  the  Olaa  district  and  prob- 
ably would  do  well  in  other  sections  with  similar  conditions. 
The  price  ranges  from  60  cents  to  $1.80  a  dozen  n  Honolulu. 

Asparagus, — There  is  a  growing  demand  for  fresh  island 
asparagus  in  Honolulu  which  could  be  supplied  from  the  higher 
elevations  of  the  islands.  A  great  many  people  who  now  use 
canned  California  asparagus  would  use  the  fresh  island  product 
if  it  w^ere  in  the  market.  Small  quantities  of  fresh  asparagus 
are  imported  from  the  coast  and  sell  for  8%  to  15  cents  a 
pound. 

Bananas  do  well  all  over  the  islands  and  it  is  hoped  that  a 
line  of  fruit  steamers  between  the  islands  and  a  coast  port  will 
soon  be  established.  The  common  Chinese  banana  is  probably 
the  best  known  and  is  used  for  shipping  to  the  coast.  This  va- 
riety should  be  left  on  the  plant  until  full  grown,  but  picked 
before  beginning  to  turn  yellow.  When  intended  for  shipment 
by  railroad  or  steamer  they  should  be  wrapped  with  a  good 
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thickness  of  banana  leaves  to  prevent  bruising,  and  securely 
tied.  Bananas  bring  from  30  to  60  cents  a  bunch,  according  to 
condition  and  number  of  hands.  All  bananas  to  be  shipped  to 
the  coast  have  to  be  inspected  for  scale  before  wrapping. 

The  cooking  bananas,  Popoulu  and  Maia  Mauli,  are  in  con- 
stant demand  locally,  but  several  attempts  to  establish  them  on 
the  Pacific  coast  have  proved  unsuccessful.  Another  attempt  is 
to  be  made  in  the  near  future  and  the  prospects  for  success  are 
brighter  than  formerly.  Practically  all  the  cooking  bananas 
used  in  Honolulu  come  from  Kona,  Hawaii.  Only  the  largest 
and  best  bunches  should  be  shipped  and  these  very  carefully 
wrapped  with  leaves  to  prevent  bruising.  Bruised  cooking  ba- 
nanas turn  black  when  ripe  and  are  hard  to  sell.  Good  bunches 
of  Maia  Mauli  or  Popoulu  bring  from  75  cents  to  $1.25  in 
Honolulu. 

Beans, — String  beans  are  in  great  demand  all  the  year 
round.  The  green-podded  varieties  are  in  greater  demand,  al- 
though the  wax  varieties  are  extensively  used.  The  Canadian 
Wonder  is  probably  the  best  of  the  green  pods  and  the  Refugee 
wax  the  best  of  the  wax  varieties  for  most  localities.  String 
beans  should  be  shipped  in  well-ventilated  boxes  and  when  the 
price  is  high,  in  cold  storage. 

Fresh  lima  beans  bring  good  prices  all  the  year  round.  When 
shipped  from  the  other  islands  to  Honolulu  they  should  be  left 
in  the  pod  and  shipped  in  bags.  The  prices  range  from  2  to  4 
cents  a  pound  for  limes  in  pod  and  as  high  as  11  cents  a  pound 
hulled. 

There  is  an  active  demand  for  dried  lima  beans,  practically 
all  the  year  round  at  good  prices.  Most  of  the  dried  beans  are 
imported  from  the  coast.  These  should  be  thoroughly  dried 
and  shipped  in  bags.  The  price  ranges  from  5  to  6^  cents  a 
pound. 

Large  quantities  of  small  white  or  navy  beans  are  imported 
from  the  States  which  could  be  grown  at  a  good  profit  in  the 
islands.  The  army  is  a  large  consumer  of  this  variety  of  beans 
and  could  use  them  at  about  5^4  cents  a  pound.  The  small 
white  bean  has  been  grown  in  Kula,  Maui,   and  on  Kauai. 
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These  should  be  thoroughly  dried  and  shipped  in  bags  contain- 
ing 100  pounds  net. 

Calico  and  red  Kula  beans  are  very  prolific  bearers  but  do 
not  bring  as  good  prices  as  do  the  small  whites.  The  local  mar- 
net  for  these  varieties  is  limited  but  any  surplus  can  be  shipped 
to  San  Francisco  for  3^/^  cents  or  better.  The  Portuguese,  the 
largest  users  of  beans  in  this  Territory,  prefer  the  Calico,  a 
speckled  bean,  and  the  price  is  a  shade  better  for  this  variety 
than  for  the  Ked  variety.  These  two  varieties  are  much  at- 
tacked by  the  common  bean  weevil  and  when  it  is  intended  to 
keep  them  in  storage  any  length  of  time  they  should  be  fumi- 
gated with  hydrocyanic  acid  gas  as  soon  as  possible  after  har- 
vesting in  order  to  kill  the  weevil  eggs  which  are  sure  to  be 
present.  These  beans  should  be  shipped  in  strong,  clean  bags 
containing  100  pounds  net. 

Beets, — The  Honolulu  market  is  well  supplied  with  this  veg- 
etable by  gardeners  on  Oahu  and  it  is  doubtful  if  it  could  be 
shipped  to  Honolulu  from  the  other  islands  except  for  short 
periods  when  the  demand  is  exceptionally  great.  Beets  are 
imported  from  California  in  such  emergencies  now.  The  price 
ranges  from  30  to  45  cents  a  dozen  bunches.  Beets  should  be 
put  up  in  bunches  of  4  or  5  with  tops  cut  at  5  inches  and  shipped 
in  well-ventilated  boxes  or  with  tops  cutt  off  and  shipped  in 
bags. 

Berries. — The  strawberry  is  the  only  fruit  of  this  order  of 
commercial  importance  in  the  islands.  Most  of  these  berries 
sold  in  the  Honolulu  market  are  grown  by  Orientals  in  and 
about  Honolulu.  The  only  berries  which  come  from  the  other 
islands  in  commercial  quantities  at  the  present  time  are  from 
upper  Olaa.  Strawberries  are  prolific  bearers  in  this  region  but 
owing  to  frequent  rains  it  is  often  difficult  to  pick  berries  when 
dry  for  shipping.  Berries  picked  in  the  rain  will  not  keep  24 
hours  even  in  cold  storage  and  consequently  a  good  many  ship- 
ments are  received  in  poor  condition.  Strawberries  should  be 
picked  a  little  green  and  shipped  in  crates  of  12,  16,  24  one- 
quart  wooden  baskets.     The  price  of  berries  from  the  other  isl- 
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ands  ranges  from  171/^  to  30  cents  a  quart,  depending  upon  the 
season  of  the  year  and  the  condition  of  the  berries. 

Wild  red  raspberries  or  thimble-berries  grow  in  profusion 
along  the  roads  and  in  the  forests  of  the  rainy  sections  of  the 
islands  and  there  ought  to  be  some  use  as  food  to  which  they 
could  be  put.  Previous  shipping  experiments  showed  that  they 
could  not  be  sent  to  Honolulu  by  ordinary  freight  from  Maui 
and  Hawaii.  Perhaps  they  could  be  shipped  in  cold  storage. 
These  berries  make  excellent  pies  and  preserves  and  if  they 
could  be  delivered  in  Honolulu  in  good  condition  a  market  could 
no  doubt  be  found  for  them  at  a  profitable  figure.  These  ber- 
ries should  be  shipped  in  the  same  containers  as  recommended 
for  strawberries  and  in  cold  storage. 

Breadfruit  can  be  sold  in  small  quantities  in  Honolulu  at 
fair  prices.  It  should  be  shipped  in  well-ventilated  crates  hold- 
ing two  or  three  dozen  fruits.  The  price  ranges  from  50  to  75 
cents  a  dozen. 

Brussels  sprouts  are  imported  in  refrigerators  from  Califor- 
nia in  season.  These  are  shipped  in  barrels,  but  smaller  con- 
tainers would  probably  be  better.  The  price  ranges  from  10  to 
15  cents  a  pound. 

Broom  corn  grows  well  in  many  parts  of  the  islands  and 
enough  should  be  grown  to  furnish  material  for  all  the  brooms 
used  in  the  islands.  The  broom  corn  grown  on  several  of  the 
islands  has  been  pronounced  better  than  the  general  run  of  this 
product  from  California  and  compares  favorably  with  that  of 
the  Central  States.  There  is  a  broom  factory  in  Honolulu  which 
is  importing  its  brush  from  California  and  would  be  glad  to  buy 
it  at  home  at  coast  price.  Broom  corn  should  be  thoroughly 
dried,  seeded  and  tightly  baled  for  shipment.  Good  brush 
brings  from  5  to  7  cents  a  pound. 

Butter, — New  Zealand  butter  is  being  sold  in  Honolulu  far 
below  the  price  formerly  obtained  for  good  island  butter.  A 
good  market  could  be  worked  up  for  the  home  product  at  the 
same  price  or  a  little  better  than  that  received  for  imported 
butter. 

Dairymen  making  butter  to  be  sold  in  Honolulu  should  be 
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sure  that  every  pound  sent  in  is  perfect  in  every  respect.  It 
should  be  made  from  properly  ripened  cream  that  is  produced 
by  clean,  non-tuberculous  cows,  properly  handled  and  milked. 
The  room  where  the  butter  is  made  and  the  churn  can  not  pos- 
sibly be  too  clean.  Butter  should  always  be  shipped  in  cold 
storage,  or  in  boxes  containing  ice.  Each  butter-maker  should 
put  his  butter  up  in  one-pound  packages  with  his  own  print  if 
possible,  or  a  clean  attractive  wrapper  bearing  his  name  and 
brand  and  his  guarantee  as  to  purity,  etc. 

There  is  a  growing  demand  for  strictly  fresh  buttermilk  in 
Honolulu  and  any  buttermaker  who  can  conveniently  ship  his 
buttermilk  to  Honolulu  can  get  several  times  its  value  as  pig 
feed.  It  should  be  shipped  in  5-gallon  milk  cans  in  cold  stor- 
age.   The  price  ranges  from  15  to  18  cents  a  gallon. 

Cabbage  is  one  of  the  most  extensively  used  vegetables  in 
Honolulu.  From  May  to  January  there  is  a  good  market  for 
cabbage  from  the  other  islands.  During  these  months  large 
quantities  of  cabbage  are  imported  from  California  that  could 
be  raised  at  a  profit  at  some  of  our  higher  elevations  if  it  did 
not  cost  too  much  to  get  them  to  market.  During  the  months 
of  February,  March  and  April  large  quantities  of  cabbage  are 
sent  to  Honolulu  from  Wahiawa  and  other  sections  of  Oahu  and 
the  price  drops  as  low  as  35  to  40  cents  a  bag.  Cabbage  which 
has  much  handling  should  be  shipped  in  crates  unless  it  is  very 
solid.  The  best  shipper  is  perhaps  the  Winninstadt.  This 
variety  gives  a  solid,  medium-sized  head  that  can  be  shipped  in 
bags.  The  price  of  cabbage  ranges  from  %  to  31^2  cents  per 
pound. 

Carrots, — The  carrot  is  a  very  prolific  grower  in  Hawaii  and 
should  be  grown  in  large  enough  quantities  to  supply  the  local 
market.  Carrots  are  generally  sold  in  the  market  in  bunches  of 
five  or  six.  They  are  also  imported  from  California  with  tops 
off  in  bags.  The  price  is  40  cents  a  dozen  bunches  for  local 
carrots  and  from  1  to  2  cents  a  pound  for  the  California  product. 

Cauliflower, — Island  Cauliflower  has  never  been  a  success 
on  the  Honolulu  market.  It  is  reported  to  be  yellow  and  bitter. 
These  objections  could  probably  be  removed  if  the  vegetable 
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were  properly  cultivated.  The  heads  should  be  individually 
wrapped  in  paper  and  shipped  in  oranges  boxes  in  cold  storage. 
The  price  of  California  cauliflower  delivered  in  Honolulu 
ranges  from  $1.50  to  $1.75  a  dozen. 

Celery, — At  one  time  excellent  blanched  celery  was  grown  in 
several  sections  of  the  islands  and  shipped  to  Honolulu.  Of 
late  years,  however,  the  celery  blight  has  destroyed  the  industry 
in  the  sections  where  it  once  flourished.  The  island  celery  that 
comes  into  the  local  market  at  the  present  time  is  not  blanched 
but  generally  of  a  rank  green  color.  This  celery  can  not  be 
used  for  table  purposes  and  is  sold  at  low  figures  for  flavoring 
soups  and  salads.  Celery  should  be  shipped  in  standard  celery 
crates  holding  from  6  to  7  dozen  large  stalks.  Green  island 
•celery  sells  for  from  $1.00  to  $2.50  a  crate.  A  great  many 
crates  of  California  celery  are  imported  each  year  at  high  prices 
which  could  be  profitably  grown  in  sections  where  the  celery 
blight  has  not  made  its  appearance. 

Charcoal, — The  charcoal  market  is  controlled  by  the  Japan- 
ese peddlers  and  it  is  difficult  to  sell  any  amount  of  this  prod- 
uct from  the  other  islands  at  a  paying  figure.  Guava  and  wiawi 
<3harcoal  is  considered  better  than  kiawe.  Most  families  prefer 
the  small  bags  holding  about  16  pounds,  but  it  would  be  more 
convenient  and  cheaper  for  producers  on  the  other  islands  to  ship 
in  barley  bags  that  would  hold  about  50  pounds. 

Chickens  are  always  in  demand  in  the  Honolulu  market,  es- 
pecially fat  young  broilers  and  roasters.  Poor  chickens  are 
never  in  demand  and  should  be  fattened  before  being  shipped 
in.  Young  cockerels  of  the  medium  and  heavy  breeds  bring  as 
liigh  as  37%  cents  a  pound.  Old  stock  bring  less.  Chickens 
should  be  shipped  in  a  strong  light  crate  to  comfortably  hold  a 
dozen.  Do  not  crowd  them  in  the  crate.  The  crate  should  be 
Tiigh  enough  to  allow  the  chickens  to  stand  upright,  and  be  sure 
that  the  chickens  get  water  before  starting.  Put  enough  feed  in 
the  crate  to  last  them  to  Honolulu.  A  uniform  pen  of  chickens 
will  sell  more  readily  than  a  lot  of  scrubs,  no  two  of  which  are 
alike.  Therefore,  pick  out  a  breed  and  gradually  do  away  with 
any  "dunghills''  you  may  have.     It  will  pay  you.     Kemember 
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this :  It  does  not  pay  to  send  poor  chickens  to  the  market.  Fat- 
ten them  up  first, 

Cocoanuts, — There  is  an  increasing  demand  for  this  product 
on  the  Pacific  coast  and  a  great  many  tons  of  cocoanuts  that  are 
now  practically  going  to  waste  on  the  islands  could  be  shipped 
in  the  fresh  state  at  a  good  profit,  or  where  there  w^ere  enough 
trees  to  warrant  it,  manufactured  into  copra,  the  market  for 
which  is  very  good.  Fresh  cocoanuts  should  be  husked  and 
shipped  in  strong  bags. 

Coffee  should  be  shipped  to  Honolulu  in  100-pound  bags  with 
parchment  removed.  When  possible  the  berries  should  be 
graded. 

Corn,  Field. — Field  corn  does  well  in  a  great  many  sections 
of  the  islands.  It  has  been  shown  that  as  good  a  quality  of  corn 
can  be  produced  on  the  islands  as  is  imported  from  the  states  in 
large  quantities.  All  the  corn  that  is  used  in  the  Territory 
should  be  produced  at  home  and  importations  from  the  Pacific 
Coast  stopped.  In  addition  to  the  present  demand  for  corn  the 
United  States  Army  would  use  large  quantities  if  it  could  be 
bought  as  cheaply  as  barley. 

The  Honolulu  market  demands  a  small-grain  yellow  corn, 
which  is  principally  used  for  feeding  poultry.  White-grain 
corn,  no  matter  how  small,  is  undesirable.  King  of  the  Earlies, 
a  90-day  dent  corn,  and  Improved  Leaming  are  probably  the 
best  varieties  to  raise  for  this  market.  Corn  should  be  thor- 
oughly dried  and  shipped  in  good  strong  bags,  100  pounds  net 
to  the  bag.    Beware  of  poor  bags. 

Corn,  Sweet. — Sweet  com  is  probably  the  best  seller  of  all 
vegetables  in  the  Honolulu  market  and  always  commands  good 
prices.  It  should  be  shipped  in  barley  bags  as  soon  as  possible 
after  picking.  There  should  not  be  more  than  24  hours  between 
the  time  of  picking  and  the  time  it  is  put  on  the  market.  Coun- 
try Gentleman  and  Oregon  Evergreen  are  two  varieties  that 
have  produced  well  in  the  Territory. 

Cotton  should  be  ginned  and  baled  if  possible  before  shipping 
to  Honolulu.     Cotton  being  very  bulky  and  light,  is  baled  very 
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tightly  in  order  to  save  freight.  Caravonica  cotton  is  recom- 
mended by  the  U.  S.  Experiment  Station  as  the  best  for  the 
islands.    The  price  ranges  from  17  to  22  cents  a  pound. 

Cream, — A  great  quantity  of  cold-storage  cream  is  imported 
from  the  Pacific  Coast  annually  that  should  be  produced  in  the 
islands.  The  ice  cream  manufacturers  are  probably  the  largest 
users.  Cream  should  be  shipped  in  regular  cans  in  cold  storage. 
All  cream  should  test  at  least  30  per  cent  butter  fat  and  less 
than  2  per  cent  acidity  upon  arrival. 

Cucumbers, — The  long  green  variety  is  preferred  in  this 
market.  They  should  be  shipped  in  well-ventilated  boxes  to  pre- 
vent heating.    Pack  closely  to  prevent  bruising. 

Ducks, — The  most  popular  duck  in  the  Honolulu  market  is 
the  Muscovy.  Muscovy  ducks  should  be  sent  to  market  at  the 
age  of  five  to  eight  months.  If  properly  fed  and  cared  for  they 
should  be  fat  and  weigh  from  4  to  8  pounds.  When  a  Muscovy 
duck  gets  more  than  nine  or  ten  months  old  it  has  a  strong 
flavor  that  is  undesirable.  Keep  your  ducks  fat  and  send  them 
in  at  the  proper  age. 

Pekin  ducks  are  not  in  as  great  demand  as  the  Muscovy  but 
bring  good  prices.  India  Runner  ducks  are  smaller  than  either 
of  the  above-mentioned  breeds,  but  would  find  a  ready  market  as 
broilers. 

The  common  mud  duck  raised  on  fish  ponds  is  a  very  poor 
specimen  and  cannot  be  compared  with  any  of  the  above-men- 
tioned breeds  for  flavor.  It  is  hoped  that  better  breeds  will 
soon  drive  this  class  of  ducks  from  the  market. 

Eggs, — All  eggs  shipped  to  market  should  be  put  up  in  stand- 
ard 30-dozen  shipping  crates  or  in  12 -dozen  shipping  crates  with 
fillers,  and  the  shipper  should  be  sure  that  every  egg  in  the  box 
is  strictly  fresh;  not  more  than  one  week  old  when  shipped. 
Eggs  should  be  gathered  at  least  once  a  day  and  kept  in  a  cool, 
clean  place  until  ready  for  shipment.  When  packing  a  case  of 
eggs  for  the  market  cull  out  all  small,  poorly  shaped,  dirty  or 
doubtful  eggs.  Do  not  wrap  eggs  in  paper  or  bury  them  in  rice 
hulls,  bran,  coffee  parchment,  etc.     It  requires  too  much  labor 
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to  unwrap  papers  and  dig  eggs  out  of  rice  hulls.  Purchase 
enough  egg-carriers  or  crates  of  the  sizes  you  will  need  to  carry 
on  your  shipments  and  save  yourself  time  and  expense.  All 
eggs  received  at  the  Marketing  Division  in  anything  except 
boxes  containing  fillers  will  be  charged  for  the  labor  of  unpack- 
ing. If  any  farmer  cannot  get  shiffping  crates  the  Marketing 
Division  will  be  glad  to  get  them  for  him  at  cost  price.  The 
standard  weight  for  1  dozen  eggs  is  23  ounces  and  your  eggs 
should  weigh  at  least  that  much.  White-shelled  eggs  are  pre- 
ferred for  table  purposes  and  all  eggs  should  be  graded  accord- 
ing to  color. 

Duck  eggs  should  also  be  graded  and  shipped  in  crates  wdth 
fillers.  India  Kunner  ducks  lay  large  clean  eggs,  the  flavor  of 
which  is  claimed  to  be  as  good  as  that  of  a  hen  egg.  The  price 
of  chicken  eggs  ranges  from  30  to  65  cents  a  dozen  during  the 
year.    Common  duck  eggs  sell  for  as  low  as  24  cents  a  dozen. 

Eggplant  is  supplied  to  the  Honolulu  market  by  gardeners  on 
Oahu  and  could  probably  not  be  shipped  from  the  other  islands 
at  a  profit.  An  orange  box  would  make  a  good  package  for 
shipping. 

Figs  should  be  picked  when  full  grown  and  beginning  to  get 
soft  and  shipped  in  crates  holding  from  four  to  ten  6-pound 
wooden  baskets.  The  demand  is  generally  good  and  the  price 
ranges  from  75  cents  to  $1.00  a  hundred. 

Geese  are  not  in  great  demand  the  greater  part  of  the  year. 
At  Christmas  the  demand  is  slightly  stimulated  and  a  great 
many  more  birds  could  be  sold  than  are  sent  to  the  market. 
Geese  should  be  shipped  in  tall  crates  that  comfortably  hold  six 
birds. 

Grapes,— The  Isabella  grape  is  the  only  one  that  is  grown 
commercially  in  the  islands.  As  a  general  rule  these  grapes  are 
picked  and  put  on  the  market  before  they  are  thoroughly  ripe 
and  are  consequently  more  or  less  sour.  The  grapes  should  be 
allowed  to  remain  on  the  vine  until  they  are  full  grown  and 
sweet.  The  Honolulu  market  is  well  supplied  by  the  growers 
on  Oahu  at  about  7  cents  a  pound.  Grapes  should  be  shipped  in 
the  same  crates  as  recommended  for  figs. 
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Grapefruit  is  about  the  easiest  of  all  citrus  fruit  to  grow  in 
Hawaii  and  its  culture  should  be  taken  up  on  a  commercial 
scale.  Many  cases  of  this  fruit  are  imported  from  California 
annually  which  could  be  produced  in  the  Territory.  Grapefruit 
should  be  shipped  in  regulation  cases  holding  80  fruits.  The 
price  ranges  from  $4.00  to  $6.50  a  case. 

Hides  are  higher  at  the  present  time  than  they  have  been  in 
years.  When  the  animal  is  butchered  the  hide  should  be  imme- 
diately spread  out  flat  on  the  floor  and  covered  with  a  liberal 
amount  of  coarse  salt,  being  sure  to  leave  no  spots  uncovered. 
If  more  than  one  animal  is  being  butchered  the  hides  can  be  put 
one  upon  the  other,  the  hair  side  always  down.  Special  care 
should  be  taken  not  to  cut  holes  in  the  hide  when  skinning  the 
animal,  as  they  depreciate  its  value. 

Dealers  prefer  salted  hides  to  pickled  hides.  The  pickled 
hides  are  apt  to  be  too  wet  and  cause  trouble.  There  are  four 
kinds  of  hides  with  their  different  grades.  They  are  steer, 
heavy,  medium  and  light;  cows,  heavy,  medium  and  light; 
bulls  and  kipps.  Heavy  steer  hides  bring  the  best  prices.  Bull 
hides  bring  the  poorest  prices  owing  to  the  fact  that  the  skin  is 
not  of  uniform  thickness.  Hides  should  be  shipped  in  bundles 
containing  two  each  folded  together  so  as  to  make  a  neat  package 
and  tied  with  a  small  rope,  or  put  in  a  bag.  The  price  ranges 
from  7  cents  for  bull  hides  to  14  or  more  for  heavy  steers. 

Honey  should  be  extracted  from  the  comb  and  shipped  in  5- 
gallon  tins.  Kecleaned  kerosene  oil  tins  will  answer.  The  price 
ranges  from  7  to  14  cents,  depending  upon  the  grade  of  honey. 

Kale  is  very  seldom  seen  in  the  Honolulu  market.  A  market 
might  be  worked  up  for  a  small  quantity. 

Kohlrabi  grows  very  well  in  many  parts  of  the  islands  and 
is  a  good  shipper.  It  should  be  picked  when  young  and  tender 
and  not  allowed  to  grow  three  or  more  inches  in  diameter,  to  be- 
come woody  and  tasteless.  Kohlrabi  should  be  tied  in  bunches 
of  five  good-sized  tubers  and  shipped  in  bags  or  crates. 

Leek  is  the  spring  onion,  a  very  perishable  product.  It  is 
not  likely  that  it  could  be  profitably  raised  on  the  other  islands 
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for  shipment  to  Honolulu.  They  should  be  put  up  in  bunches  of 
1^/4  pounds,  and  shipped  tops  uncut,  in  well-ventilated  crates. 
The  price  is  40  cents  a  dozen  bunches. 

Lemons, — There  are  only  a  few  smooth-skin  lemons  grown  in 
the  Territory  and  there  is  not  a  commercial  orchard  of  any  kind. 
There  are  a  few  scattered  trees  of  the  rough  lemon,  but  this 
variety  is  not  wanted  for  table  use  on  account  of  the  roughness 
of  the  skin.  California  lemons  sold  for  as  high  as  $7.50  a  case 
of  300  during  the  past  year.  This  fruit  should  be  well  cured 
and  packed  in  cases  for  the  purpose. 

Lettuce. — The  lettuce  market  is  well  supplied  by  Oriental 
gardeners  on  the  island  of  Oahu.  A  great  many  people,  how- 
ever, prefer  to  know  where  and  under  what  conditions  lettuce 
is  grown.  For  fancy  trade  it  might  pay  to  grow  lettuce  on  the 
other  islands  for  Honolulu  if  it  could  be  shipped  to  arrive  in 
good  condition.  It  should  be  shipped  as  dry  as  possible  in  well- 
ventilated  crates.  The  smooth-leaf  variety  is  in  greater  demand 
in  this  market. 

Limes. — ^Limes  are  in  demand  in  Honolulu  throughout  the 
year,  with  the  exception  of  cool  weather.  When  lemons  are  high 
the  demand  for  limes  is  greatly  increased.  Do  not  pick  limes 
that  are  too  green ;  let  them  get  full  grown  before  sending  them 
to  the  market.  Large,  well-graded  limes  are  never  hard  to  sell 
at  good  prices.  This  fruit  should  be  shipped  in  boxes  or  bags, 
boxes  preferred. 

Loganberries. — The  Loganberry  is  very  little  cultivated  in 
Hawaii.  It  seems  possible  to  establish  a  market  for  this  product 
if  it  can  be  shipped  to  arrive  in  good  condition.  They  should 
be  shipped  in  the  crates  recommended  for  strawberries. 

Mangos  are  plentiful  in  Honolulu  during  the  season,  but 
early  and  late  varieties  not  infested  with  fruit  fly  might  be 
shipped  to  Honolulu  from  the  other  islands  at  a  profit.  They 
should  be  picked  when  full  grown  but  firm  and  shipped  in 
orange  boxes. 

Onions. — Bermuda  onions  do  well  in  a  great  many  localities 
in  Hawaii  and  a  larger  acreage  should  be  planted  to  this  crop. 
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If  planted  early  the  crop  should  come  in  in  time  to  catch  the 
Pacific  Coast  market  bare  and  command  high  prices.  If  plant- 
ed late  the  crop  will  come  in  with  the  California  and  Texas 
onions  and  consequently  have  to  compete  with  them  as  well  as 
the  Australian  onions.  The  early  onions  should  be  put  up  in 
crates  holding  50  pounds  net ;  later  they  may  be  sold  in  bags  of 
100  pounds  each.  Be  sure  that  onions  are  well  dried  before 
putting  them  in  crates  or  bags.  The  U.  S.  Army  in  Hawaii  uses 
26,000  to  30,000  pounds  of  onions  monthly.  Prices  range  from 
$2.00  to  $5.00  a  hundred  pounds. 

Oranges, — Hawaiian  seedling  oranges  are  in  demand  the 
greater  part  of  the  year.  They  should  be  picked  when  full 
grown  and  nearly  all  yellow  and  shipped  in  orange  boxes,  not  in 
bags  or  packing  boxes.  Grade  the  oranges  when  packing  accord- 
ing to  size,  color  and  general  appearance.  Do  not  ship  poor 
oranges  in  the  same  box  with  the  best  ones.  The  price  of  Ha- 
waiian oranges  ranges  from  50  cents  to  $2.00  a  hundred. 

Papaia. — The  demand  for  good  papaias  is  increasing  and  the 
market  could  use  a  large  quantity  of  choice  fruits  that  could  be 
raised  on  the  island  of  Oahu  to  take  the  place  of  many  tons  of 
scrub  varieties  now  sold  in  the  market.  It  probably  would  not 
pay  to  ship  them  from  the  other  islands.  Fruits  to  be  shipped 
to  the  market  should  be  picked  when  they  begin  to  turn  yellow 
and  packed  on  end  in  a  wagon,  or  box  holding  a  single  tier. 

Peas, — Fresh  green  peas  of  good  flavor  are  always  in  de- 
mand in  the  Honolulu  market  but  peas  that  are  tough  and  bit- 
ter cannot  be  sold  at  any  price.  Grow  only  good  sweet  varieties 
and  send  them  to  the  market  in  well-ventilated  boxes,  not  bags. 
They  are  apt  to  get  stacked  on  the  wharf  if  shipped  in  bags.  The 
price  of  peas  ranges  from  7  to  12%  cents  a  pound. 

Peas,  Dried. — Hawaiian  dried  peas  were  put  on  the  market 
for  the  first  time  this  year  and  have  made  a  name  for  them- 
selves. For  dried  peas  a  prolific  bearer  should  be  used,  but  at 
the  same  time  a  pea  that  has  a  good  flavor*  The  common  Kula 
pea,  while  a  prolific  bearer,  is  deficient  in  flavor.  Peas  should 
be  thoroughly  dried  and  shipped  in  bags  containing  100  pounds. 
The  price  ranges  from  3%  to  5  cents  a  pound. 
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Peanuts  are  imported  in  large  quantities  from  Japan  and 
the  Pacific  Coast  that  should  be  raised  here.  The  two  varieties 
used  by  the  Honolulu  market  are  the  small  Spanish  and  the 
Jumbo.  The  latter  brings  about  6  cents  a  pound  and  the  Span- 
ish 5  to  5%  cents.  Ship  in  bags  or  bales.  Be  sure  that  the  pea- 
nuts are  properly  cured  before  shipping. 

Peppers,  Bell, — Bell  peppers  are  in  demand  in  the  Honolulu 
market  a  great  part  of  the  year  at  good  prices.  The  pepper 
should  be  picked  as  soon  as  it  is  full  grown  but  before  it  begins 
to  turn  red,  and  shipped  in  well-ventilated  cases.  Orange  cases 
AYOuld  do  very  well. 

Peppers,  Chili. — Fresh  Chili  peppers  are  not  in  great  de- 
mand in  Honolulu,  but  there  is  a  good  market  for  dried  chilis 
on  the  Pacific  Coast.  Is^one  of  the  common  Hawaiian  varieties 
are  suitable  for  drying  and  shipping,  according  to  authorities. 
The  Anaheim  chili  is  recommended  for  shipping  in  the  dried 
state. 

Pineapples. — It  would  probably  not  pay  farmers  on  the  other 
islands  to  ship  pineapples  to  Honolulu.  Most  of  the  fresh  pine- 
apples in  the  Honolulu  market  are  brought  in  by  wagons.  If 
shipped  by  the  railroad  they  should  be  sent  in  lug  boxes.  It  is 
possible  that  the  fresh  fruit  shipments  to  the  Pacific  Coast  can 
be  increased,  thus  making  a  market  for  a  great  many  pineapples. 
The  fruit  will  otherwise  be  produced  this  year  at  a  loss,  due  to 
the  extremely  low  prices  offered  by  canneries.  Pineapples  to 
be  shipped  to  the  Coast  should  be  picked  when  full  grown  but 
before  they  have. begun  ot  turn  yellow,  and  packed  in  clean  ex- 
celsior by  experienced  packers.  All  pineapples  and  packing 
have  to  be  inspected  by  the  agent  of  the  Bureau  of  Entomology, 
TJ.  S.  Department  of  Agriculture,  Honolulu,  before  going  aboard 
ship. 

Popcorn. — There  is  a  small  market  for  popcorn  in  Hawaii 
that  should  be  supplied  by  our  own  farmers.  The  corn  may  be 
either  shelled  or  sent  to  the  market  on  the  ear.  It  would  prob- 
ably be  better  to  shell  the  corn,  however,  in  order  to  save  freight. 

Potatos,  Irish. — There  is  a  ready  market  in  Hawaii  for  every 
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Irish  potato  that  can  be  produced  for  years  to  come.  The  army 
contract  alone  is  240,000  pounds  a  month.  The  ravages  of  the 
potato  blight  would  be  greatly  reduced  if  our  farmers  would  use 
new  seed  each  year  instead  of  planting  the  potatoes  that  are  too 
small  to  sell.  There  is  a  good  market  for  new  potatoes  all  the 
year  round.  Dig  up  any  potatoes  that  have  been  attacked  by 
blight  and  put  them  on  the  market  as  new  potatoes.  'New  pota- 
toes should  be  shipped  in  crates,  as  they  are  apt  to  get  bruised 
in  bags.  Old  potatoes  should  be  shipped  in  bags  of  100  pounds 
each. 

Sweet  potatoes. — There  are  a  great  many  varieties  of  sweet 
potatoes  grown  commercially  in  Hawaii,  a  few  of  which  are 
good,  but  by  far  the  larger  part  poor.  The  red-skinned  yellow- 
fleshed  variety,  Apo,  brings  the  best  price  of  any  of  the  Ha- 
waiian varieties.  The  yellow-skinned  pink-fleshed  variety  is  the 
next.  White-fleshed  sweets  are  not  generally  wanted  and  in  the 
season  \vhen  the  first  two-mentioned  varieties  are  plentiful  and 
cheap  it  is  hard  to  sell  them  at  any  price.  The  Jersey  sweet, 
which  is  the  commercial  sweet  potato  of  the  Pacific  Coast,  does 
not  thrive  well  in  Hawaii  as  a  general  thing  and  is  much  at- 
tacked by  pests. 

Perhaps  the  best  sweet  potato  to  grow  in  Hawaii  is  a  variety 
recently  imported  from  Madeira  by  Mr.  A.  Santos,  a  home- 
steader of  Homestead,  Kauai.  This  potato  is  a  good  bearer,  fur- 
nishes as  abundance  of  green  food  for  stock,  and  the  flavor  is  at 
least  as  good  as  that  of  the  Jersey  Sweet.  This  variety  should  be 
more  extensively  cultivated  for  the  market. 

Sweet  potatoes  should  be  dug  in  dry  weather  if  possible. 
They  should  be  graded  as  they  are  put  in  the  bags  and  all  cut, 
decayed  or  small  potatoes  kept  out  for  home  consumption  or 
stock  food.  The  price  of  sweet  potatoes  ranges  from  85  cents  to 
$2.00  a  bag. 

Radishes  could  not  be  raised  at  a  profit  on  the  other  islands 
to  ship  to  Honolulu.  The  market  is  well  supplied  by  gardeners 
on  Oahu.  Radishes  should  be  put  up  in  bunches  of  5  or  6  and 
delivered  to  the  market  fresh  every  morning. 

Rhvharbr — It  is  claimed  by  dealers  in  Honolulu  that  Hawaii- 
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an  rhubarb  does  not  have  as  good  a  flavor  as  that  which  is  im- 
ported from  California.  They  make  a  difference  of  2  to  6  cents 
a  pound.  Ehubarb  should  be  pulled  when  full  grown  and 
shipped  in  apple  boxes.  It  should  not  be  shipped  in  bags,  as  is 
the  custom  in  Hawaii,  because  the  stalks  are  so  easily  broken  in 
transit. 

Eoselle  has  been  grown  successfully  in  all  parts  of  the  isl- 
ands and  although  there  is  only  a  small  market  for  fresh  fruit 
there  is  a  good  market  for  the  dried  calices  for  jam  and  jelly. 
It  is  very  likely  that  a  factory  will  be  opened  in  Honolulu  to 
manufacture  roselle  jam  and  jelly  in  the  near  future.  The 
price  quoted  by  a  Chicago  firm  for  dried  roselle  this  year  was 
40  cents,  or  4  cents  a  pound  fresh. 

Sheep  are  not  bought  in  this  market  by  live  weight.  The 
butchers  prefer  to  dress  them  and  buy  them  by  dressed  weight. 
It  would  therefore  be  better  to  dress  sheep  at  home  and  ship  the 
carcases  in  cold  storage  when  possible. 

Mutton  brings  about  10  cents  a  pound. 

Squabs  are  always  in  demand  in  the  Honolulu  market.  The 
Carneaux  or  Homer  pigeons  are  the  best  for  squabs.  Squabs 
bring  from  30  to  45  cents  a  pair,  depending  upon  the  size  and 
breed.  Squabs  should  be  killed  and  picked  and  shipped  in  cold 
storage. 

Squash  and  Pumpkin  are  not  in  great  demand  in  the  market. 
They  should  be  shipped  in  bags  or  crates  similar  to  those  used 
for  cabbage. 

Taro, — A  great  deal  of  taro  is  used  for  cooking  in  addition 
to  making  poi.  The  irrigated  taro  is  considered  better  than  up- 
land taro  for  both  purposes.  The  price  of  taro  ranges  from  90 
cents  to  $1.30  a  hundred,  depending  upon  what  per  cent  of  poi 
can  be  made  from  it.     It  should  be  shipped  in  strong  bags. 

Taro  for  cooking  purposes  should  have  six  or  eight  inches  of  the 
tops  and  be  tied  in  bunches  of  3  or  4,  weighing  about  6  pounds. 
Tomatoes. — Good  tomatoes  are  scarce  in  the  Honolulu  mar- 
ket as  a  rule  and  good  prices  prevail.    Of  course  this  vegetable 

is  attacked  by  the  melon  fly  and  is  hard  to  bring  to  a  ripe  state 
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on  the  vines.  As  a  general  thing  the  tomatoes  should  be  picked 
when  they  have  altained  their  growth,  and  shipped  to  the  market 
in  crates.     Orange  boxes  would  answer  the  purpose  very  well. 

Turheys, — A  great  many  cold-storage  turkeys  are  imported 
from  California  that  could  be  produced  in  Hawaii.  Turkeys 
should  be  fattened  on  grain  before  shipping  to  market.  Ship  in 
crates  that  will  comfortably  hold  half  a  dozen  birds,  or  a  double 
crate  with  a  partition  in  the  middle.  It  is  well  to  put  a  little 
straw  in  the  crate  and  a  few  handfuls  of  corn.  Keep  the  sexes 
separated.  The  wholesale  price  of  turkeys  ranges  from  30  to  35 
cents  a  pound. 

Watermelons, — Owing  to  the  prevalence  of  the  melon-fly  in 
Hawaii,  it  is  difficult  to  raise  watermelons.  Consequently  they 
are  very  high  in  price  and  always  in  great  demand.  Often  a 
good  crop  of  watermelons  can  be  grown  in  a  locality  where  no 
melons  have  been  grown  before,  with  little  or  no  trouble  from 
the  fly.  It  is  seldom,  however,  that  two  crops  can  be  taken  from 
the  same  land  without  trouble  from  the  pest.  Watermelons 
should  be  shipped  in  bags  or  in  cabbage  crates.  The  price 
ranges  from  20  to  75  cents  each. 
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Cold   Storage  for  Tropical  Fruits 


By  E.  V.  Wilcox 
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Introduction. 

So  far  as  may  be  judged  by  the  literature  on  cold  storage 
available  to  this  station,  no  systematic  experiments  have  been  made 
in  cold  storage  of  tropical  fruits  except  citrus  fruits  and  bananas. 
Even  with  these  fruits  experiments  have  been  largely  confined  to  a 
study  of  the  proper  temperatures  to  apply  during  transportation. 
Benson*  reported  that  mangos  and  pineapples  could  be  safely  held 
in  cold  storage  for  four  to  six  weeks,  but  that  passion  fruit  could 
not  keep  more  than  two  weeks  in  cold  storage.  At  various  times 
this  station  has  made  tests  which  indicated  that  mangos  and  avo- 
cados would  preserve  their  flaA^or  and  texture  for  four  to  six  weeks 
in  a  commercial  refrigeration  room  for  fruit. 

The  supply  of  tropical  fruit  on  the  Honolulu  market  is  irregu- 
lar. The  market  is  sometimes  flooded  and  sometimes  bare.  The 
station  is  attempting,  through  its  marketing  division,  to  adjust  the 
supply  of  fruit  more  uniformly  to  the  demand.  It  became  necessary 
to  know,  however,  whether  cold  storage  was  applicable  to  tropical 
fruits  as  it  is  to  apples,  pears,  etc.  Through  the  courtesy  of  the 
Hawaiian  Electric  Company,  the  station  was  offered  the  use,  for 

*     Agr.  Gaz.  N.  S.  W.  4  (1893)  pp.  870-877. 


experimental  purposes,  of  several  refrigerator  roomis  maintained  at 
different  temperatures.  In  the  experiments  reported  in  this  bulletin 
a  study  was  made  of  the  effect  of  cold  storage  on  star  apple 
(Chrysophyllum  cainito),  avocado,  fig,  papaya,  water  lemon 
(Passiflora  laurifolia)^  strawberry  guava,  pineapple,  and  mango, 
and  also  upon  the  eggs  and  larvae  of  Mediterranean  fruit  fly  in 
these  fruits.  It  was  considered  important  to  determine  the  degree 
of  refrigeration  and  length  of  time  required  to  kill  this  pest,  par- 
ticularly in  mangos  and  avocados. 

Tempeeatuee  of  the  Refrigeration  Rooms. 

Throughout  the  six  months  occupied  by  the  experiments,  the 
temperature  of  each  room  remained  very  uniform.  The  tempera- 
tures reported  in  the  following  pages  are  the  average  temperatures 
for  the  whole  period.  In  the  32°  room  the  temperature  ranged 
from  30^  to  33'';  in  the  36°  room,  from  33°  to  38°  F.;  and  in  the 
45°,  from  40°  to  47°.  Continuous  thermograph  records  were  kept, 
and  checked  by  certified  thermometers.  •  The  air  was  reasonably 
dry  in  all  three  rooms.  ' 

Star  Apple. 

Large  purple,  small  purple  and  green  varieties  of  star  apple 
were  used,  73  fruits  in  all.  Of  these  fruits  33  were  held  at  a  tem- 
perature of  32°  F.  and  40  at  45°  F.  All  but  11  of  the  fruits  had 
been  bagged  onthe  trees  to  prevent  infestation  with  fruit  flies.  The 
uninfested  fruit  was  cured  two  days  in  a  fruit  room  at  the  station 
before  being  placed  in  cold  storage. 

Four  large  purple  star  apples  picked  in  a  green  condition, 
showed  slight  shriveling  of  the  skin  after  being  held  six  days  at  a 
temperature  of  32°  F.  N'o  other  noticeable  changes  took  place  dur- 
ing the  next  50  days,  at  the  end  of  which  the  fruit  was  removed 
and  examined.  The  pulp  was  found  to  be  firm  and  corky.  The 
fruit  did  not  ripen  well  after  removal  from  refrigeration. 

Fruits  of  the  green  variety  of  star  apple  were  picked  when 
nearly  ripe,  and  held  at  32°  F.  for  one  month.  A  slight  shriveling 
of  the  skin  appeared  after  ten  days.   Small  mold  spots  developed  on 
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one  fruit  during  the  month.  When  removed  for  examination  after 
30  days  of  refrigeration,  the  fruits  showed  a  slightly  discolored 
and  somewhat  shriveled  rind.  The  pulp  was  perfect  in  color  and 
texture,  and  the  flavor  excellent.  The  pulp  was  more  attractive  in 
appearance  than  when  picked  fresh  from  the  tree. 

Small  purple  star  apples  were  picked  in  a  green  condition  and 
held  at  32°  F.  for  58  days.  In  this  varitey  as  in  the  case  of  all 
other  fruits  reported  on  in  this  bulletin  samples  were  removed  for 
examination  at  weekly  intervals.  At  the  end  of  two  weeks  the  flavor 
and  appearance  of  the  pulp  were  excellent.  The  same  was  true  at 
the  end  of  the  month.  One  fruit  showed  mold  on  the  rind  and  fer- 
mentation in  the  pulp. 

Small  purple  star  apples  were  picked  in  a  half  ripe  condition 
and  held  for  36  days  at  32°  F.  The  skin  gradually  faded  and 
shriveled  after  the  second  week.  At  the  end  of  the  period  the  pulp 
of  the  fruit  was  firm,  of  good  color  and  perfect  flavor.  The  same 
variety,  picked  ripe,  kept  well  for  30  days,  but  at  the  end  of  a  period 
of  57  days  had  deteriorated  in  color  and  appearance  externally, 
while  the  pulp  was  still  perfect  in  flavor. 

Specimens  of  the  same  varieties  of  star  apples,  picked  green, 
half -ripe  and  ripe  were  placed  in  refrigeration  at  a  temperature  of 
45°  F.  for  a  period  of  40  days.  The  same  changes  were  observed  as 
in  fruit  held  at  32°  F.  The  deterioration  was  somewhat  more  rapid, 
however,  and  molds  developed  more  extensively  on  skin  abrasions. 
The  color  of  the  skin  was  better  preserved  at  45°  than  at  32°  F. 
The  texture  of  the  rind,  however,  and  the  texture  and  flavor  of  the 
pulp  were  much  better  in  the  fruit  held  at  32°  F. 

From  these  tests  the  conclusion  may  be  drawn  that  star  apples 
intended  for  cold  storage  should  be  picked  in  a  half -ripe  condition, 
cured  in  a  well  ventilated  room  for  about  two  days,  and  then  held  at 
32°  F.  for  not  longer  than  three  weeks.  A  discoloration  and  fer- 
mentation of  the  pulp  begins  sooner  in  fruit  infested  with  fruit  fly 
than  in  uninfested  fruit. 

Figs. 

Figs  of  several  common  varieties  were  placed  in  cold  storage  at 
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32°  and  45°  E..  Tlie  fruit  was  in  the  proper  degree  of  ripeness  for 
table  use  when  picked.  It  was  held  for  one  day  in  the  Station 
fruit  room  before  going  to  refrigeration.  After  12  days  at  32°  F.  a 
few  of  the  figs  showed  mold  on  the  rind,  but  the  mold  had  not 
penetrated  the  pulp.  The  color  of  the  pulp  was  good  and  the  flavor 
had  suffered  no  change.  The  remainder  of  the  fruits  were  in  excel- 
lent condition  without  any  signs  of  mold  on  the  surface  when 
examined  after  17  days.  A  few  mold  spots  appeared  after  22  days. 
The  flavor  and  physical  condition  of  the  pulp  was  still  perfect  at 
the  end  of  a  month,  but  after  44  days  the  flavor  began  to  deteriorate 
and  the  fruit  began  to  absorb  an  odor  resembling  ammonia.  A 
part  of  the  figs  had  been  exposed  to  infestation  with  fruit  flies. 
These  fruit,  held  at  a  temperature  of  32°  F.,  kept  their  flavor  and 
condition  until  fermentation  set  in  about  the  infested  areas  at  the 
end  of  30  days. 

Figs  held  in  cold  storage  at  46°  broke  down  sooner  than  those 
held  at  32°  F.  At  the  end  of  40  days  all  the  figs  in  the  45°  room 
showed  mold  on  the  outside  of  the  skin,  and  most  of  them  had 
deteriorated  in  flavor  and  appearance. 

On  the  whole  figs,  even  when  picked  in  a  ripe  condition,  seem 
to  be  adapted  to  cold  storage  at  32°  F.  for  a  period  of  about  one 
month.  As  a  result  of  refrigeration  the  pulp  is  firmer  and  more 
attractive  in  appearance  than  when  freshly  picked  from  the  tree, 
and  the  flavor  is  about  equal  to  that  of  the  freshly  picked  fruit. 

Papayas. 

Papayas  of  six  varieties  were  used  in  testing  their  adaptability 
to  cold  storage.  They  were  placed  in  two  refrigerator  rooms  witfi 
a  temperature  of  32°  and  36°  F.  respectively.  The  fruit  was  picked 
in  three  stages,  green^  Lalf-ripe  and  approximately  ripe.  Those 
which  were  nearest  ripe  were  all  yellow  in  color,  but  were  still  firm. 
After  27  days  in  storage,  most  of  the  papayas  began  to  show  small 
mold  spots  on  the  skin.  These  spots  increased  in  size  rather  rapidly 
and  the  fermentation  extended  into  the  pulp  of  the  fruit.  Aside 
from  the  development  of  mold  on  the  skin,  the  texture  and  flavor 


of  the  fruit  was  perfectly  preserved.  There  was  a  tendency,  how- 
ever, to  develop  a  slight  cold  storage  odor,  due  to  the  absorption 
of  ammonia.  Papaya  fruits  which  had  been  punctured  before  going 
to  cold  storage  began  to  ferment  and  decay  badly  within  24  hours 
after  removal  at  the  end  of  a  month  of  refrigeration.  Even  the  use 
of  a  formalin  wash  on  refrigerated  papayas  failed  to  prevent  the 
rapid  development  of  mold  on  the  rind  after  the  fruit  had  been 
removed  from  cold  storage. 

The  same  results  were  obtained  with  the  papayas  which  were 
held  at  36°  F.  The  fruit  appeared  to  keep  as  well  at  this  tempera- 
ture as  at  32°  F.  The  mold  did  not  develop  very  rapidly  in  the 
case  just  mentioned. 

On  account  of  the  relatively  extensive  growth  of  mold  on  the 
rind  of  papayas,  another  test  with  this  fruit  was  made  in  which  the 
fruits  were  carefully  washed  in  a  three  per  cent  solution  of  formalin 
and  then  thoroughly  dried  and  placed  in  paper  bags  before  going 
to  cold  storage.  The  fruit  in  this  test  was  nearly  ripe  when  picked. 
The  use  of  formalin  in  this  manner  seemed  to  prevent  the  develop- 
ment of  mold.  All  of  the  fruit  was  still  in  perfect  condition  at  the  end 
of  one  month.  After  40  days  the  pulp  was  found  to  be  ripened  to 
about  the  softness  which  is  desirable  for  table  use.  Some  of  the 
pulp  was  slightly  watery,  but  no  more  so  than  occurs  normally  in 
the  ripening  of  papaya.  The  flavor  was  good,  with  little  or  no  evi- 
dence of  a  cold  storage  odor. 

At  a  temperature  of  36°  F.,  fruits  similarly  treated  with 
formalin  before  being  sent  to  refrigeration  kept  equally  well  with 
those  in  the  32°  F.  room,  except  for  the  appearance  of  a  few  spots 
of  mold.  The  preservation  of  the  fruit  was  practically  perfect  for 
45  days,  at  the  end  of  which  time  the  fruit  had  completely  ripened 
with  a  good  flavor. 

Papayas  seem  not  particularly  adapted  to  cold  storage  on 
account  of  the  tendency  to  the  development  of  molds.  The  common 
mildews  or  molds  grow  very  rapidly  in  the  dry  papaine  or  juice  of 
the  papaya  which  exudes  from  minute  skin  punctures.  It  is  practic- 
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ally  impossible  to  find  a  papaya  fruit  without  skin  punctures  on 
account  of  tlie  great  delicacy  of  the  skin.  Even  small  grains  of 
sand  carried  by  the  wind  abrade  the  fruit.  The  juice  exudes  at  once 
and  dries  and  in  this  material  molds  rapidly  develop.  Furthermore 
there  is  little  necessity  for  holding  papayas  in  cold  storage  except 
for  transportation,  for  the  reason  that  the  fruit  ripens  the  year 
round. 

The  waterlemon  (Fassi flora  lauri folia)  used  in  this  experi- 
ment was  obtained  from  a  regular  shipment  of  the  fruit  which  had 
been  sent  to  the  Territorial  Market.  They  were  of  the  common 
yellow  variety,  and  had  received  no  special  care  in  transportation, 
being  shipped  loose  in  barrels.  This  fruit  kept  in  perfect  condition 
in  both  the  32°  and  36°  F.  rooms  for  a  period  of  three  months.  At 
the  end  of  that  time  the  appearance  of  the  rind,  the  fibrous  bag 
inside  the  rind,  and  the  pulp  of  the  fruit  was  the  same  in  all  respects 
as  when  the  fruit  was  put  in  cold  storage.  The  flavor  underwent 
no  alteration  whatever  during  the  whole  three  month  period.  As 
in  the  case  of  other  fruits,  samples  were  taken  out  each  week  for 
examination.  Waterlemons  seem  to  be  the  best  adapted  to  cold 
storage  preservation  of  all  the  fruits  with  which  experiments  were 
made.  .It  is  difficult  to  understand  why  there  should  be  so  much 
difference  in  keeping  properties  between  the  Hawaiian  waterlemons 
and  the  passion  fruits  with  which  Benson  experimented  in  Aus- 
tralia. The  waterlemons  after  being  kept  for  three  months  in  cold 
storage  were  found  to  hold  their  flavor  and  physical  appearance  for 
four  days  after  removal  from  refrigeration. 

Steawberry  Guava. 
A  few  fruits  of  the  strawberry  guava  {Psidium  cattleianum) 
were  placed  in  cold  storage  in  the  32°  and  36°  F.  rooms.  This  fruit 
is  one  of  the  preferred  host  plants  of  the  fruit  fly,  and  a  part  of  the 
fruit  used  in  the  experiment  was  infested.  The  fruit  was  picked  in 
a  nearly  ripe  condition.  The  strawberry  guava  is  not  well  adapted 
to  cold  storage.  Practically  all  of  the  fruit  was  shriveled  and  fer- 
mented or  decayed  within  one  month  in  both  the  32  and  36°  F. 


rooms.  Mildew  developed  abundantly  on  the  rind  and  only  a  few  of 
the  fruits  kept  their  normal  flavor  and  appearance  more  than  two 
weeks. 

Mangos. 

The  mango  season  in  Hawaii,  while  a  long  one,  could  be  ex- 
tended to  advantage  by  means  of  cold  storage,  particularly  of  the 
better  flavored  varieties.  The  only  two  varieties  which  we  used  in 
this  experiment  were  Java  No.  1950  and  'No,  1977.  Boxes  of  both 
of  these  varieties  were  placed  in  the  32°  and  36°  F.  rooms.  The 
fruit  in  all  cases  was  held  in  the  istation  fruit  room  before  going  to 
refrigeration.  The  most  of  the  fruit  had  been  bagged  on  the  trees, 
and  was  therefore  not  exposed  to  fruit  fly  infestation.  Some  of  it, 
however,  had  been  stung  by  the  fruit  fly.  In  the  32°  F.  room  the 
appearance  of  the  fruit  remained  normal  in  every  way  for  the  first 
month.  The  rind  then  showed  slight  shriveling  and  a  deadening  of 
the  color.  Fruit  removed  at  this  time  were  found  to  possess  a 
normal  pulp  in  perfect  preservation,  with  good  flavor  and  with  no 
noticeable  changes.  The  subsequent  changes  consisted  in  a  shrivel- 
ing of  the  skin  which  injured  somewhat  the  appearance  of  the  fruit. 
The  pulp,  however,  remained  in  good  state  of  preservation  for  a 
period  of  two  months,  possesising  at  the  end  of  that  time  a  normal 
flavor.  After  refrigeration  for  two  months  the  fruit  was  removed 
to  the  station  fruit  room  at  an  ordinary  temperature  for  a  period  of 
two  days.  At  the  end  of  that  time  the  flavor  of  the  fruit  was 
found  to  be  slightly  flat.  This  was  more  noticeable  in  the  fruit  which 
had  been  held  at  36°  F.  than  in  that  which  was  in  the  32°  F.  room. 

Mango  No.  1977,  some  of  which  was  picked  in  a  perfectly  ripe 
condition,  preserved  the  normal  texture  and  flavor  for  a  period  of 
35  days.  After  that  the  flavor  deteriorated  slightly,  but  was  by  no 
means  abnormal.  The  flavor  of  the  green  fruit  of  this  variety  was 
also  perfectly  preserved  for  a  period  of  two  months.  E"o  fermenta- 
tion or  other  change  took  place  in  the  fruit  within  two  days  after 
removal  from  cold  storage. 

Pike  APPLES. 

Pineapples  of  the  smooth  Cayenne  variety  were  tested  for  their 
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adaptability  in  cold  storage  in  a  green,  ripe  and  half -ripe  condition 
in  tlie  32°  and  36°  F  rooms.  In  the  32°  F.  room  after  one  month, 
ripe  pineapples  showed  a  slight  deadening  of  the  normal  yellow 
color.  The  rind  otherwise  was  in  perfect  condition  with  the  excep- 
tion of  a  few  mildew  or  mold  spots  which  did  not  penetrate  into 
the  fruits.  The  flavor  at  the  end  of  one  month  was  excellent,  and 
equal  in  most  cases  to  that  of  the  pineapple  freshly  cut  from  the 
plant.  In  a  few  cases  the  acidity  seemed  to  be  less  than  is  normally 
the  case,  at  least  as  judged  by  the  taste.  I^o  chemical  tests  were 
made.  After  45  days  the  leaves  of  the  crown  appeared  to  be  slightly 
withered  and  minute  traces  of  softening  extended  for  a  short  dis- 
tance into  the  pulp  from  two  or  three  eyes.  These  phenomena 
appeared  only  in  the  ripe  and  half-ripe  fruit.  In  the  green  fruit 
preservation  was  still  perfect  at  the  end  of  45  days.  Essentially  the 
same  results  were  obtained  in  the  36°  F.  room,  except  that  the 
flavor  of  the  pineapple  began  to  deteriorate  after  35  days  in  the 
case  of  the  fruits  placed  in  refrigeration  at  a  ripe  state.  There  was 
also  a  greater  tendency  for  the  development  of  a  superficial  mold 
which  did  not,  however,  penetrate  the  pulp.  From  these  experi- 
ments the  conclusion  may  be  drjawn  that  half-ripe  and  ripe  pine- 
apples may  be  held  in  cold  storage  at  a  temperature  of  32°  F.  with- 
out harm  to  the  color  or  flavor  of  the  pulp  of  the  fruit.  The  only 
change  is  a  slight  deadening  of  the  color  of  the  rind. 

Avocados. 
With  the  considerable  number  of  varieties  of  avocado  which 
are  now  grown  in  Hawaii  the  season  of  this  fruit  has  been  extended 
to  cover  six  months  or  more  a  year.  It  was  desirable  to  know,  how- 
ever, whether  sortie  of  the  better  varieties  could  be  held  for  a  month 
or  more  in  cold  storage  in  order  to  prevent  the  loss  which  occurs 
when  the  fine  varieties  are  shipped  in  such  quantities  as  to  flood  the 
market.  Only  a  few  fruits  of  the  hard-shelled  Guatamala  variety 
of  avocado  were  available  for  testing.  These  fruits  were  kept  in  the 
station  fr;uit  room  one  day  before  going  to  cold  storage  and  were 
then  held  in  the  32°  and  45°  F.  rooms  for  a  period  of  65  days,  being 


9 

examined  in  storage  at  weekly  intervals.  A  few  of  the  fruit  had 
been  picked  too  green  and  did  not  ripen  or  show  any  tendency  to 
soften  during  the  test.  Those  which  had  been  picked  half-ripe  be- 
gan to  manifest  an  approach  to  table  ripeness  after  a  period  of  one 
month.  At  the  end  of  two  months  the  pulp  was  found  to  be  of  nor- 
mal color  and  excellent  flavor  with  no  apparent  alterations  due  to 
cold  storage. 

In  further  cold  storage  tests  of  avocados,  boxes  of  miscellaneous 
varieties  were  used  from  Kona  and  the  island  of  Oahu,  and  a  few 
boxes  of  finer  flavor  from  those  bearing  station  numbers  1855  and 
1871.  In  all  cases  the  fruit  preserved  its  normal  color,  appear- 
ance, texture  and  flavor  for  a  period  of  two  months  in  either  the  32° 
or  36°  F.  room.  Th6re  was  in  no  case  any  discoloration  of  the  pulp 
or  fermentation  or  apparent  loss  of  flavor.  The  color  of  the  skin 
became  slightly  deadened  after  75  days,  but  the  pulp  was  still  in 
perfect  condition. 

When  removed  from  cold  storage  after  a  period  of  60  days  the 
fruit  which  had  been  kept  in  the  32°  F.  room  held  up  longer  than 
that  from  the  36°  F.  room.  Avocados  picked  green  and  held  in  cold 
storage  for  two  months  ripened  with  good  flavor  within  three  days 
after  removal  from  cold  storage  and  held  their  flavor  well  for  a 
period  of  six  days.  The  avocado  seems  to  be  well  adapted  to  cold 
storage  at  a  temperature  ranging  from  32°  to  36°  F.  for  a  period  of 
at  least  two  months. 

Effect  of  Cold  Storage  on  Germination  of  Seed. 

Seed  from  several  varieties  of  star  apple  were  planted  after  the 
fruit  had  been  in  cold  storage  various  lengths  of  time.  Seed  from 
fruit  held  at  45'°  F.  for  various  periods  up  to  25  days  germinated 
promptly  to  the  extent  of  90  per  cent.  Seed  from  fruit  held  for 
more  than  30  days  in  cold  storage  failed  to  germinate  at  all.  Simi- 
larly with  the  seed  of  avocados,  no  germination  took  place  from 
fruit  held  longer  than  20  days  at  a  temperature  of  32°  F. 
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s 
Effect  of  Cold  Stoeage  upon  Mediterranean  Fruit  Fly. 

In  1907  some  experiments  were  made  in  Australia*  in  which  it 
was  found  that  fruit  fly  maggots  would  resist  temperatures  from 
44  to  38°  F.,  but  that  at  33  to  35°  F.  eggs,  after  a  short  period  of 
retention  in  cold  storage,  appeared  fresh,  but  ultimately  shriveled 
and  failed  to  hatch  after  removal  from  cold  storage.  The  maggots 
and  eggs  of  fruit  flies  were  found  to  live  for  15  days  at  33  to  35°  F. 
In  the  beginning  of  the  cold  storage  experiments  reported  in  this 
bulletin  some  infested  star  apples  were  removed  after  10  days  in 
cold  storage  at  32°  F.,  and  placed  in  breeding  jars.  The  maggots  at 
the  time  of  removal  from  cold  storage  were  full  grown  and  of  nor- 
mal color,  but  limp  and  apparently  dead.  No  pupae  developed, 
and  no  adult  flies  were  recovered  from  this  material.  Similarly  with 
figs  removed  after  10  days  from  refrigeration  at  32°  F.,  no  adult 
flies  could  be  bred  from  this  material. 

In  order  to  test  the  effect  of  cold  storage  upon  fruit  flies  in 
a  more  systematic  manner  a  quantity  of  infested  mangos  and  citrus 
fruits  were  picked  and  placed  in  the  32°  and  36°  F.  rooms.  Three 
fruits  each  of  mangos  and  citrus  fruit  were  placed  in  13  baskets  in 
each  room.  Each  basket  contained  three  mangos  and  three  citrus 
fruits.  One  basket  was  removed  from  each  room  after  an  ex- 
posure of  two  and  a  half  days,  and  one  basket  from  each  room  there- 
after for  each  day  until  a  period  of  15i^  days  had  elapsed.  The 
fruit  upon  removal  from  cold  storage  was  placed  in  glass  jars  con- 
taining about  2  inches  of  moistened  sand  and  covered  with  muslin. 
On  the  fourteenth  day  after  removal  from  cold  storage  one  adult 
fly  emerged  from  the  fruit  which  had  been  held  2%  days  at  36°  F. 
The  next  day  three  flies  emerged  from  the  fruit  which  had  been 
held  21/2  days  at  32°  F.  ISTine  days  later  four  flies  emerged  from 
the  fruit  which  had  been  held  3%  days  in  cold  storage  at  36°  F., 
and  two  flies  from  fruit  which  had  been  in  cold  storage  4^2  days  at 
the  same  temperature.  Adult  flies  continued  to  emerge  from  the 
fruit  which  had  been  in  cold  storage  2^^  days  at  36°  F.,  until  in  all, 

♦     Jour.  Dept.  Agr.  West  Aust.  15  (1907)  p.  p.  252,  253. 
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30  flies  appeared  in  that  jar.  Adult  flies  also  continued  to  emerge 
from  fruit  which  had  been  in  cold  storage  21/2  days  at  32°  F.,  until 
the  whole  number  was  25.  From  that  time  on  no  more  adult  flies 
emerged  from  any  of  the  jars.  In  this  test  therefore  no  adult  flies 
emerged  from  fruit  which  had  been  held  at  a  temprature  of  32°  F. 
longer  than  2i^  days,  and  no  flies  emerged  from  fruit  which  had 
been  held  at  a  temperature  of  36°  F.  longer  than  4%  days. 

All  of  the  fruit  in  these  jars  was  badly  infested  and  contained 
large  numbers  of  eggs  and  of  half  and  full  grown  maggots  when 
placed  in  cold  storage.  The  fruit  was  not  cut  open  or  otherwise  dis- 
turbed after  removal  from  cold  storage,  but  was  merely  held  in  the 
breeding  jars  in  order  to  determine  whether  any  of  the  maggots  in 
the  fruit  would  be  able  to  complete  their  development. 

At  the  same  time  with  these  experiments,  four  small  glass 
jars  containing  moist  sand  in  the  bottom  in  which  six  full  grown 
fruit  fly  larva  had  been  placed  were  put  in  each"  of  the  two  refrig- 
eration rooms.  One  jar  was  removed  from  each  room  at  the  end 
of  4,  7,  11  and  14  days. 

The  following  results  were  obtained  from  the  test  in  the  32°  F. 
room.  In  the  jar  removed  after  4  days,  all  six  larva  were  limp  and 
motionless  but  not  discolored.  Two  larva  subsequently  pupated,  but 
no  further  development  took  place.  All  jars  were  given  a  final 
examination  22  days  after  .removal  from  cold  storage.  The  jar 
which  had  been  held  for  4  days  at  32°  F.  contained  2  dead  pupa 
and  4  dead  larva.  In  the  jar  which  was  held  7  days  in  cold 
storage  all  the  larva  were  dead  and  showed  a  brownish  discolora- 
tion upon  removal.  The  same  findings  were  made  in  the  jars  re- 
moved after  11  and  14  days.  'No  adult  fruit  flies  emerged  from 
any  of  the  jars  held  at  a  temperature  of  32°  F. 

From  the  jars  placed  in  the  36°  F.  room  the  following  results 
were  obtained.  The  larvae  were  alive  and  one  had  pupated  at  the 
end  of  4  days.  From  jar  removed  after  7  days  two  were  dead  and 
four  alive.  All  larvae  were  dead  in  the  jars  removed  after  11  and 
14  days.    In  the  jar  removed  after  4  days  one  adult  fly  appeared 
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15  days  after  removal.    This  was  the  only  fly  to  emerge  from  any 
of  the  larvae  held  in  sand  in  cold  storage. 

Avocados  are  perhaps  the  only  commercial  Hawaiian  fruits 
subject  to  infestation  with  Mediterranean  fruit  fly  for  which  there 
is  a  demand  on  the  mainland.  In  the  experiments  just  reported 
fruit  fly  larva  and  eggs  failed  to  live  through  an  exposure  in  cold 
storage  even  at  SQ""  F.  for  longer  than  41/2  days.  It  is  not  safe, 
however,  to  assume  4%  days  as  an  outside  limit.  It  would  seem 
safe  to  assert  that  infested  fruit  maintained  for  two  weeks  at  a 
temperature  of  32°  F.  could  not  possibly  contain  the  living  fruit 
fly  in  any  stage.  Avocados,  however,  may  be  held  for  at  least  two 
months  in  cold  storage. 

Dr.  E.  A.  Back  and  Mr.  C.  E.  Pemberton  since  May,  1913, 
have  been  making  elaborate  experiments  with  fruit  flies  in  cold 
storage.  Their  results,  soon  to  be  published,  will  show  all  the  con- 
ditions of  cold  storage  which  must  be  observed  to  render  infested 
fruit  safe. 

Pickling  Avocados  in  Salt  Brine. 
It  has  sometimes  been  asserted  that  avocados  could  be  pickled 
in  salt  water  in  such  manner  as  to  destroy  the  fruit  fly  and  make 
them  safe  for  shipment  to  the  mainland.  In  order  to  determine  this 
matter  a  few  tests  were  made  at  the  same  time  with  the  cold  storage 
tests.  Eipe  and  green  avocados  were  placed  in  salt  water  of 
various  strengths  from  ^  pound  to  1  poimd  of  salt  per  gallon,  and 
left  to  stand  at  an  ordinary  room  temperature  in  glass  jars.  At 
the  end  of  one  month  the  avocados  were  found  to  be  all  perfectly 
preserved.  The  color,  texture  and  appearance  were  the  same  as 
when  the  fruit  was  placd  in  the  salt  water.  'No  fermentation  or 
decay  had  taken  place.  The  fruits  were  then  placed  in  fresh 
water  to  extract  the  salt  in  order  to  determine  the  flavor  of  the 
fruit  thus  preserved.  It  was  found  that  the  flavor  was  flat  and 
disagreeable.  It  seems  doubtful  whether  avocados  can  be  preserved 
in  salt  water  without  losing  much  of  the  delicacy  of  their  flavor. 
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Suppression  of  Weeds  Among  Pineapples 
by  Arsenite  of  Soda  Spray 


By  F.  G.  Krauss, 
Superintendent  of  Extension  Work. 

The  Haiku  region  on  the  Island  of  Maui  is  noted  for  its  large 
yields  of  fine  pineapples.  In  years  of  good  prices  and  normal  rain- 
fall the  crop  is  a  profitable  one  to  grow.  The  season  just  closing, 
however,  has  been  most  disastrous  because  of  prevailing  low  prices, 
bad  roads  caused  by  an  unprecedented  rainfall,  and  last  but  by 
no  means  least,  an  unusual  growth  of  weeds  which  it  has  seemed 
almost  impossible  to  bring  under  subjection. 

Even  in  seasons  of  normal  rainfall,  which  average  about  75 
inches  per  annum,  the  weed  factor  has  always  been  an  expensive 
item  in  the  cost  of  producing  pineapples.  The  usual  contract  price 
for  weeding  pineapple  fields  in  this  region  is  $2.50  per  month  per 
acre,  or  $30  per  annum,  for  monthly  weeding.  At  the  present 
time,  owing  to  the  suspension  of  weeding  during  the  excessive  wot 
season,  growers  are  paying  $10  to  $40  per  acre  to  have  tlieir  fields 
weeded,  the  average  price  beiag  $20.      ^^ 


Under  the  conditions  preTailing  in  tte  Haiku  district,  no 
^  ^sooner  has  a  field  been  gone  over  than  a  new  crop  of  weeds  appears. 
In  fact,  the  m^eeds  are  always  present.  It  is  a  perennial  fight  to 
keep  them  under  subjection.  Under  these  conditions  anv  prac- 
tical methods  of  control  will  be  welcomed,  eren  if  they  help  only 
partly  to  solve  the  problem. 

It  was  with  this  view  in  mind  that  the  writer  began  experi- 
menting with  araenite  of  soda  spray  on  his  homestead  last  June. 
Two  lots  of  the  arsenite  of  soda  solution  were  mad(!  up  for 


Fig.  J^Arsenite  of  Soda  Spraver,  showing  skeleton  frame  over 
which  protective  corering  is  placed. 

comparative  test,  one  according  to  the  formula  reeomineB,ded  by 
the  Hawaii  Experiment  Station*,  and  the  other  in  accordance 
with  work  done  among  sugar'  cane  by  Mr.  C.  F.  Eckardt  at  Olaa- 

•Hawaii  Exp.  Stat.,  Press  Boll,  Ino.  30,  KilUng  Weeds  with  Arsenite 
of  Soda. 


Ill  the  former  formula  2  pounds  of  crystal  sal  soda  «iii<i  1 
pound  arsenic  is  boiled  iu  1  gallou  water  until  clear.  *'Tliis  stock 
solution  is  diluted  in  24  gallons  of  water  in  tlie  field  mud  applied 
at  tlie  rate,  roughly,  of  about  100  gallons  of  tlic  dilute  mixture 
per  acre,  more  or  less,  according  to  the  length  and  thickness  of 
the  growtli." 

Tills  has  been  found  efTeeii\'e  on  all  the  grasses  and  on  the 
Hitchcock  herrv  on  llio  Xahikn  Rul)bfM'  Cornpauy's  lauds  on 
Maui.  Tlie  manager,  Mr.  W.  A.  Anderson  reports  that  it  has 
not  been  effeetire  on  "puiiiele  finilk  weed),  ginger  and  irild  taro. 


Vuh  2. — Amemte  of  tyoda  S'pi'ayer,  with  canvas  guard  to  protect 
■pineapple  plan ts. 

For  best  results  on  honohono  a  little  stronger  solution,  perhaps  one 
gallon  of  stock  mixture  to  $0  of  water,  is  necesgary,"  Further  on 
Mr.  Anderson  sajs :  "Ililo  grass  is  actually  disappearing  from  our 
fields  that  have  been  plowed,  and  thereafter,  treated  with  the 
spray^,  considerable  areas  are  free  from  it;  it  has  been  thinned  out 
CTerywliere.'' 


Our  experience  with  this  spray  has  been  fairly  effective. 
With  us  it  quite  effectively  destroyed  the  young  pualele,  upon 
whi»h  Mr.  Anderson  found  it  ineffective.  The  so-called  water 
grass  (Kyllingia  brevifolia)  which  is  one  of  the  worst  weeds  the 
Haiku  pineapple  grower  has  to  contend  with,  especially  during 
wet  seasons,  was  but  slightly  affected,  as  well  as  some  other  weeds, 
notably  the  honohono,  but  even  these  succumbed  to  a  second  or 
third  spraying  when  all  conditions,  especially  that  of  the  weather, 
were  favorable.  It  will  be  noted  that  Mr.  Anderson's  normal  spray 
solution  contains  about  4  pounds  arsenic  per  100  gallons,  but  that 
he  recommends  about  5  pounds  for  best  results  on  ionohono.  One 
hundred  gallons  of  spray  are  usually  used  per  acre. 

The  first  spray  used  by  Mr.  Eckart  on  Olaa  Sugar  Planta- 
tion, Hawaii,  is  substantially  the  same  as  far  as  the  amount  of 
arsenic  is  concerned  as  that  used  by  Mr.  Anderson  at  Nahiku 
Rubber  Plantation  on  Maui.  Both  regions  are  characterized  by 
heavy  rainfall.  The  Olaa  stock  solution  consists  of  20  pounds 
white  arsenic,  4  to  5  pounds  caustic  soda,  and  10  gallons  water. 
This  is  boiled  for  10  to  15  minutes.  Two  and  a  half  gallons  of 
this  stock  solution  are  diluted  to  100  gallons  with  water.  Thus 
it  will  be  seen  that  100  gallons  contains  5  pounds  arsenic.  But 
only  about  1  pound  of  caustic  soda  is  used  at  Olaa  against  about 
8  pounds  crystal  sal  soda  as  used  at  Jfahiku.  Theoretically  the  < 
caustic  soda  would  be  about  three  times  as  efficient  as  the  sal 
soda. 

In  the  experiments  among  pineapples  at  Haiku,  both  sprays 
gave  substantially  the  same  results,  which  were  as  noted  above. 
However,  the  main  drawback  to  both  these  sprays,  especially  where 
the  excess  of  caustic  soda  was  used,  was  the  caustic  effect  of  the 
soda  upon  the  operator.  Whenever  the  spray  came  in  contact  with 
th^  skin  there  was  trouble.  It  was  with  a  view  to  ameliorate  this 
condition  that  the  formula  given  below  was  finally  adopted  at  the 
suggestion  of  Mr.  L.  D.  Larsen,  of  the  Hawaiian  Sugar  Planters' 


Association,  and  used  with  the  results  as  recorded  further  on. 

In  July  the  solution  was  made  up  according  to  the  following 
formula,  soda  ash  being  substituted  for  the  sal  soda : 

6  pounds  white  arsenic,  at  7^2  cents  per  pound  , 37% 

6  pounds  soda  ash  (carb.  of  soda),  at  7%  cts  per  pound    .37%  , 
10  gallons  water. 

This  was  boiled  for  about  15  minutes  or  until  the  solutiot. 
Was  clear.  It  was  then  diluted  with  water  to  make  100  gallons 
of  solution  ready  for  use.  This  amount  was  applied  over  approxi- 
mately an  acre  of  weedy  land  having  a  large  proportion  of 
manienie  and  Hilo  grass.  The  results  were  quite  as  effective  as 
with  the  sprays  used  by  Anderson  and  Eckart,  if  not  more  so, 
but  this  may  have  been  apparent  rather  than  real,  as  the  weather 
conditions  may  have  been  more  favorable  in  the  latter  experiment. 
The  important  thing  is  that  the  caustic  quality  of  the  new  spray 
was  greatly  lessened,  and  in  this  must  lay  its  inain  advantage. 
However,  there  may  also  be  a  slight  saving  in  the  cost  of  using 
the  soda  ash  in  place  of  the  caustic  soda  or  the  sal  soda. 

The  former  costs  3%  cents  per  pound,  while  the  sal  soda  and 
soda  ash  cost  about  21/2  cents  per  pound  at  wholesale.  Theoretic- 
ally the  soda  ash  is  two  or  three  times  as  efficient  in  combining 
with  the  arsenic  as  is  the  sal  soda. 

While  the  use  of  5  pounds  of  arsenic  per  100  gallons  of 
water  applied  per  acre  was  fairly  efficient  in  destroying  or  at  least 
suppressing  most  of  the  weeds  encountered,,  tl^e  water  grass 
(Eyllingia  hrevifolia)  as  well  as  the  honohono  were  not  materially 
affected.  A  second  spraying  within  a  week  of  the  first  application 
increased  the  suppression  considerably.  This  suggested  that  doub- 
ling the  strength  of  the  solution  might  save  spraying  the  weeds 
twice.  Accordingly,  in  October,  10  pounds  of  arsenic  and  5 
pounds  of  soda  ash  were  used  to  make  up  100  gallons  of  solution. 
This  has  been  very  effectively  applied  to  the  following  weeds: 
Pualele  or  sow  thistle  {Sonchus  oberaceus)  Eattle   pod    (Crotch 
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laria  longirostrata) ,  White  wood  {Croiolaria  var.)  Pig  weed  or 
purslane  (Portulaca  oUracea),  Honohono  {Commelina  nudiflora), 
Manienie  or  Bermuda  grass  (Cynodon  dactylon),  Hilo  grass 
(Paspalum  conjugatum)^  Water  grass  (Kyllingia  brevifolia)  and 
the  common  guava. 

These  weeds  were  affected  in  about  the  order  named.  When 
young,  say  from  three  to  six  inches  tall,  most  of  the  weeds  turn 
brown  in  from  two  to  three  days,  the  young  pualele  usually  wilts 
within  ten  to  twenty  hours  after  spraying,  especially  when  the 
weather  is  bright  and  warm.  Should  it  rain  within  l2  hours  ot 
spraying  the  effect  may  be  nil  or  nearly  so  on  all  but  the  most 
tender  weeds.  When  the  weeds  were  nearly  mature,  it  required 
fully  four  days  before  the  full  results  were  accomplished.  While 
the  honohono,  water  grass,  and  guava  were  not  wholly  destroyed 
in  any  case,  they  were  suppressed  to  an  extent  that  proved  of 
great  economic  value. 

Naturally,  the  spray  affects  all  plant  life  with  which  it  comes 
in  contact.  The  pineapple  is  apparently  unusually  susceptible  to 
the  effects  of  the  arsenite  of  soda,  and  it  was  soon  found  that 
every  precaution  must  be  taken  to  avoid  contact. 

The  contrivance  shown  in  figures  1  and  2  has  proved  highly 
efficient  for  the  purpose  intended.  The  spray  tank  used  is  of 
the  well-known  compressed  air  type,  and  has  a  capacity  of  three 
gallons  liquid  and  one  of  air.  This  is  lashed  between  the  handles 
of  a  single  wheel  hoe,  the  tank  resting  securely  on  the  iron  frame 
to  which  are  normally  attached  the  weeding  implements  that  go 
with  this  machine.  On  the  outside  of  both  handles,  near  the 
wheel,  there  is  attached  a  light  but  strong  iron  rod  which  runs 
along  the  surface  of  the  ground  towards  the  operator  until  it 
reaches  a  point  about  where  the  operator's  legs  would  be  while 
walking.  It  then  turns  up  to  the  handle  bars.  This  forms  a 
wedge  shaped  frame  which  parts  the  pineapple  leaves,  and  when 
the  ivame  is  covered  with  light  oiled  canvas,  provides  a  very 
effective  guard  against  any  of  the  spray  reaching  the  leaves  or 


stems  of  the  plants.  The  total  cost  of  this  outfit  is  not  more  thafi 
$15.  The  "Auto  Sprayer''  which  was  used  in  this  instance  cost 
$8.50.  The  single  wheel  frame  $2.50,  and  the  labor  and  material 
for  assembling,  about  $2.50  more. 

An  active  man  can  easily  cover  2  acres  per  day  of  10  hours 
among  pineapples  in  rows  planted  48  inches  apart.  This  includes 
filling  the  tank  from  50  to  60  or  70  times. 

A  larger  tank,  say  one  of  6  to  10  gallons  capacity,  would 
doubtless  greatly  increase  the  efficiency  of  the  outfit  and  the 
writer  has  now  under  way  the  construction  of  a  10  gallon  tank  to 
fit  into  the  triangular  space  between  the  handle  bars  of  the  same 
frame  as  shown  in  the  figures.  Any  good  spray  nozzle  which  can 
readily  be  turned  on  and  off  will  answer  the  purpose.  It  was 
found  necessary,  however,  to  redrill  the  aperture  to  a  size  and 
angle  that  will  most  effectively  cause  the  spray  to  cover  the  area 
between  the  rows  of  pineapples  under  treatment.  In  the  experi- 
ments thus  far  conducted  between  two-thirds  and  three-fourths 
of  the  space  between  the  rows  was  successfully  treated. 

"Weeding  contractors  have  already  offered  to  weed  fields  that 
have  been  sprayed,  for  half  the  amount  asked  on  unsprayed  areas. 
As  the  writer  is  now  paying  $10  to  $20  per  acre  to  have  his  pine- 
apples weeded,  the  spraying  will  effect  a  saving  of  from  $5  to  $10 
per  acre  less  the  cost  of  spraying. 

The  cost  of  spraying  per  acre  as  now  practiced  is  about  as 
follows : 

Labor  of  spraying  1  acre  of  pineapples  (%  day  at  $1.50)     $  .75 
100  gallons  spray  solution: —  (max.) 

5  to  10  pounds  arsenic  at  7^  cents 75 

21/^  to  5  pounds  soda  ash  at  7^4  cents 37i/^ 

Cost  of  preparing  solution    25 

Spraying  outfit,  interest  and  deterioration 17^ 

Total  cost  of  spraying  1  acre , $2.30 

The  materials  used  in  the  spray  can  be  bought,  at  wholesale, 
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for  about  one-third  the  prices  given  above,  thus  effecting  a  large 
saving.  It  is  suggested  that  the  pineapple  growers  of  a  district 
get  together  and  buy  their  materials  in  original  packages  at 
wholesale. 

It  should  be  remiembered  that  this  method  of  weed  suppression 
is  comparatively  new.  In  so  far  as  the  writer  is  aware,  arsenite  of 
soda  spray  has  not  been  used  among  pineapples  except  in  the  dem- 
onstrations here  reported.  It  is,  therefore,  not  yet  known  what  may 
be  the  effects  of  accumulated  arsenic  upon  pines  growing  under 
conditions  where  the  weeds  are  repeatedly  sprayed.  A  word  of 
warning  is,  therefore,  given  to  operators  to  look  carefully  for  signs 
of  any  possible  injury  that  might  result  from  the  repeated  use  of 
arsenic  spray  among  pineapples. 


Issued  Jan.  18,  1915 

Hawaii  Agricultural  Experiment  Station 

HONOLULU 


J.  M.  WESTGATE,  Special  Agent  in  Charge 


PEESS  BULLETm  NO.  49 


A  Cheap  and  Effective  Home-made 
Plank  Drag 


By  F.  G.  Krauss, 
Superintendent  of  Extension  Work. 

Introduction. 

The  plank-drag  or  "Clod  masher"  as  it  is  sometinaes  aptly 
called,  is  doubtless,  next  to  the  plow  and  harrow,  the  most  efficient 
implement  that  can  be  used  in  fitting  the  seed  bed  fof  immediate 
use.  For  the  purposes  for  which  it  is  particularly  intended,  no 
other  implement  will  take  its  place.  Yet  this  simple  contriTance, 
which  is  used  on  nearly  every  farm  on  the  mainland,  is  compara- 
tively unknown  in  Hawaiian  agriculture. 

Use  ©f  the  Plank-drag. 

When  land  breaks  up  "cloddy"  from  whatever  cause,  condi- 
tions are  often  such  that  no  amount  of  harrowing  with  spike 
tooth,  disc.  Acme  or  any  other  kind  of  harrow  will  pulverize  the 
soil.  Especially  is  this  the  case  when  the  soil  becomes  hard  and 
dry.  It  is  at  this  stage  of  tillage  that  the  plank-drag  becomes 
invaluable.  Unless  the  land  is  too  moist,  the  plank-drag  should 
follow  the  harrow  immediately.  Thip  will  increase  its  efficiency 
materially  by  reason  of  the  freshly  turned  up  clods  pulverizing 
much  more  easily  than  when  exposed  to  the  sun  and  drying  winds^ 


whicli  bake  and  liardeii  the  elocls  until  it  1)ecoiiies  aliriosf.  impossi^ 
Ue  to  demolish  them  hv  anj  ordinary  nieans. 

Ill  going  ever  tb,e  ground  with  tlie  drag  »■  lialt'  hxp  sliould 
abvavp  l)e  tatrai,  niid  if  neceHsarv,  tlio  ground  sliould  1)0  cross 
dragged.  The  drier  and  harder  the  elods  the  greater  sliould  he 
the  weight-  aiiplicd.  A  4  x  S  foot  drug  uunle  of  two  ioeli  planks 
weighs  "  about  250  pounds.  It  tin.'  driver  "rid«-':,''  coiisiderahle 
iveiglu  will  be  added.  Ifowc^-.n',  it  i>  f^oieefiines  advisahle  to  add 
a  hmildco-  or  tw)  to  give  th(^  iieeessnj'v  weight  to  en;~h^  large  hard 


'"^^m^.:. 


:%tlii 


..•■^'•■'0    f'^.'i  :'''■'  '%"^*:'-i-  'y   '~'i\^%(^^^\ 


^UH.k  iJUty,  ^hx> 


clods.  Care  shon'hl  be  taken  uot  to  add  too  much  weight  when  tl 
soil  is  moist  since  in  so  doing  lhe  soil  may  become  compacted  i 

^an  extent  far  greater  than  any  beneficial  results  that  might  othe 
wisp  have  accrued.  The  drag  shown  in  the  illustration,  Fig.  1,^^ 
40'  bv  l>6  inches  in  size  including  2  iuch  lap  of  planks.  It  is  easi 
iandled  by  two  niedium  size  horses.  Four  to  six  acres  &  day  ej 
«>adil.Y  be^'oveml  when^  giving  half  a  lap,  which  is' virtually  ge-n 

^■over  the  ground  twice. 


CONHTJfliCTIOA-    OF    THE    PlAHK    I)R1«. 

Toiigli,  liardwood  planks  arc;  of  course  tlie  most  durable 
material  to  use  for  making  the  drag,  but  tlie  writer  lias,  found 
2  iiicli  plank  of  tlie  common  iioriliwcst  pine  quite  satisfactory. 
This  timber  is  cheap  and  is  casih'  worked.  Wrtb  ordinary  uso  a 
pin^e  drag  will  last  two  or  tliree  seasons.  If  tlie  edges  of  tlie 
projecting  plank  arc  proteckni  witli  flat  strips  of  iron,  or  angle 
iron,  iTliicli  is  better  still,  and  lite  ivliole  is  well  bolted,  tbe  drag 
rnay  last  from  five  to  ten  Tears. 


Plank  Drag  in  use. 


Tlie  writor  bas  had  tliree  years  of  the  hardest  kind  of  usage 
out  of  an  "unshod''  2  inch  pine  drag  but  believes  it  would  'be 
economy  to  face  the  edges  of  the  plank  with  iron. 

The  following  directions  should  enable  any  farmer  to  make 
a  first  class  drag  in  less  than  half  a  day,  and  at  a  cost  not  exceed- 
ing $H  for  material,  Honolulu  prices. 

Select  four  |)ieces  gsxxl  tougli  pine  or  other  timber,  eight 
it'Ct  long,  tw^-elve  inxdies  wide  and  tw^o  inches  thick,  lay  these 
out  on  a  level  surface,  letting  each  plank  lap  two  inches  along  its 


entire  length  as  shown  in  the  illustration.  Hold  in  this  position 
by  driving  a  few  spikes  along  the  lapped  edges.  ISTow  cut  three 
pieces  of  the  same  kind  of  plank  into  forty  inch  lengths  for  cross 
pieces.  These  are  best  "let  in'^  an  inch  or  so,  as  shown  in  the  end 
view  of  Figure  1.  This  greatly  increases  the  rigidity  of  the  whole 
structure.  This  is  easily  done  by  laying  the  cross  pieces  in  place 
and  using  them  as  a  guide  for  the  saw.  When  the  projecting  edges 
of  the  plank  have  been  sawed  into  an  inch  or  two,  the  obstruction 
is  quickly  chiselled  out  and  the  cross  pieces  set  in.  Pin  down  with 
a  coupl,e  of  spikes  and  then  bore  holes  to  receive  one  half  inch 
bolts  as  indicated  in  the  illustration.  Carriage  bolts  ^/^  x  6I/2 
inches  are  best  and  these  should  be  supplied  with  large  washers  at 
the  nut  end.  Clevises  and  a  chain  for  attaching  the  whiffletree 
may  now  be  added  as  indicated  in  the  illustration.  The  drag  is 
then  completed  unless  it  is  decided  to  face  the  edges  with  iron. 
If  this  is  done,  the  holes  in  the  iron  should  be  placed  so  that  the 
bolts  holding  the  plank  together  will  also  answer  to  secure  the 
iron  strips. 

The  following  material  will  be  needed  to  make  a  drag  such  as 
is  outlined  above: 

4  pieces  2''xl2''x8' 
3       "       2'^xl2''x40" 
'        30  carriage  bol,ts  y^'  x  6V2'' 

30  iron  washers. 

The  iron  strips  for  facing  the  edges  of  the  planks  may  be 
made  from  old  wagon  tires.  A  chain  and  clevises  can  usually  be 
found  about  the  place,  but  if  it  is  necessary  to  purchase  everything 
that  has  to  enter  into  the  complete  drag  the  cost  will  be  about  $5. 

Figure  2  shows  the  drag  in  use  as  a  clod  masher,  leveler  and 
smoother,  making  ready  the  land  for  marking  off  for  corn. 
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/-    /  -'    Issued  June  30,  1915, 

Hawaii  Agricultural  Experiment   Station 

HONOLULU 


J.  M.  WESTGATE,  Agronomist  in  Charge 


PRESS  BULLETIN  No.  50* 


The  Effect  of  Arsenite  of  Soda  on  the 

Soil 


By  W.  T.  McGeorge, 
Chemist. 


Introduction 

The  use  of  poisonous  cliemicals  as  a  means  of  destroying 
weeds,  wliile  not  a  new  idea,  until  comparatively  recent  years 
found  little  application  in  Hawaiian  agriculture.  About  five  years 
ago  this  Station  carried  on  experiments^  with  various  chemicals, 
the  results  of  which  indicated  sodium  arsenite  to  be  a  very  effec- 
tive and  economical  weed  destroyer. 

At  the  present  time  this  means  of  controlling  weed  growth 
has  long  since  passed  the  experimental  staare  and  is  now  quite 
widely  applied.  Especially  is  it  applicable  in  the  rainy  sections 
where  the  growth  of  weeds  is  profuse  and  cultivation  is  often 
impossible  without  puddling  the  soil. 

Considerable  credit  is  due  Mr.  W.  A.  Anderson,  Manager  of  the 
Nahiku  Rubber  Co.  for  the  first  successful  application  of  this 

*Note.— This  Bulletin,  as  well  as  Press  Bulletin  No.  48,  entitled 
''Suppression  of  Weeds  Among  Pineapples  by  Arsenite  of  Soda 
Spray,"  and  Press  Bulletin  No.  49,  entitled  "A  Cheap  and  Effective 
Home-made  Plank  Drag,"  was  prepared  under  the  direction  of 
Dr.  E.  V.  Wilcox,  Special  Agent  in  Charge,  previous  to  Jan.  1,  1915. 


ctemical  on  a  large  scal,e  in  these  islands.  On  large  areas  on  the 
rubber  plantations  plowing  has  beon  entirely  replaced  by  the 
arsenical  spray  in  the  last  five  years.  A  further  extensive  test  has 
been  made  by  the  Parker  Kanch  as  a  means  of  eradicating  such 
weeds  as  thimble  berry  and  German  ivy  from  their  pasture  lands. 
Since  these  successful  applications  tlie  use  of  this  spray  has 
increased  imtil  it  has  entirely  replaced  hoeing  on  some  plantations 
ahd  partially  replaced  plowing,  even  in  the  dry  sections. 

Object  of  the  Work 

The  status  of  arsenite  of  soda  as  a  weed  destroyer  is  firmly 
fixed,  from  both  a  practical  and  an  economical  standpoint.  But 
there  still  remains  to  be  considered  the  effect  of  this  chemical 
upon  the  soil  and  the  growth  of  plants.  Comparatively  little  work 
of  this  nature  has  been  done  but  it  is  quite  generally  conceded  that 
plant  growth  is  materially  affected  by  the  presence  in  the  soil  of 
this  chemical.  The  Colorado  Experiment  Station^  has  made  some 
investigations  upon  the  death  of  fruit  trees  excessively  sprayed 
with  insoluble  arsenical  compounds,  and  the  Bureau  of  Chemistry 
of  the  U.  S.  Department  of  Agriculture'^  has  investigated  the 
death  of  plants  as  a  result  of  arsenic  settling  from  smelter  fumes. 
In  all  cases  arsenic  has  been  found  in  both  the  soil  and  the  plants 
in  appreciable  amounts. 

In  view  of  the  above  facts  and  the  increase  in  use  of  arsenite 
of  soda  in  the  Hawaiian  islands,  the  Station  undertook  an  exhaus- 
tive study  of  the  effect  of  this  chemical  upon  plant  growth  and  its 
physical,  chemical  and  biological  activities  in  the  soil.  While  no 
deleterious  effects  have  appeared  through  its  use  thus  far,  yet  it  is 
highly  essential  that  we  should  be  able  to  recognize  them  immedi- 
ately should  they  appear. 

Preparation  of  the  Spray. 

Several  formulas  have  been  recommended  for  the  preparation 
of  this  spray.  They  all  involve  the  boiling  of  white  arsenic  with 
sal  soda  or  caustic  soda,  the  two  being  added  in  sufficient  quan- 
tities to  combine,  forming  soluble  sodium  arsenite.  When  thus 
boiled  there  are  two  salts  of  sodium  arsenite  possible  of  forma- 
tion the  acid  salt  (l^a.^O.  2  AS2O3  2  H^O)  and  the  neutral  salt 
(ISTagO.  AS2O3).  Therefore  the  resulting  compoimd  depends  upon 
the  proportion  of  the  two  ingredients.  The  following  equations 
illustrate : 


FEB  ^^  '^^ 


(1)  Na^CO.,  .IOH2O  +  AS2O3  =  m^O.  AS2O3  +  CO2  +  IOH2O 

(2)  gNaOH  +  AsA^I^a^O.AsA  +  H^O 

(3)  Na^CO.^  .IOH2O  +  2AS2O3  =  JSTa^O  .2AS2O3  +  CO^  +  lOH.O 

(4)  2WaOH  +  2AS2O3  =  m^O  .2AS3O3  +  H^O 

Equations  1  and  2  represent  proportions  for  tlie  formation 
of  the  neutral  salt.  By  calculating  from  these  two  relationships  it 
appears  that  it  will  require  approximately  1.5  pounds  sal  soda  or 
only  0.4  of  a  pound  of  caustic  soda  to  react  with  1  pound  of  white 
arsenic  to  form  neutral  sodium  arsenite.  Equations  3  and  4 
represent  the  proportions  at  which  the  two  react  to  form  the 
acid  salt.  From  these  it  can  be  shown  that  approximately  1  pound 
of  sal  soda  combines  with  l^/^  pounds  of  arsenic,  and  1  pound  of 
caustic  soda  combines  with  5  pounds  of  arsenic  to  form  the  acid 
salt. 

The  effectiveness  of  the  two  salts  as  weed  destroyers  is  very 
much  the  same.  However,  from  an  economical  standpoint  the 
neutral  salt  which  has  given  excellent  results  upon  most  weeds  is 
as  follows* : 

2  pounds  sal  soda 
1  pound  arsenic 
1  gallon  water. 
Boil  this  mixture  until  clear,  then  dilute  to  about  24  gallons 
for  spraying.     Instead  of  2  pounds  sal  soda,  7  ounces  of  caustic 
soda  will  produce  the  same  results.    However,  the  use  of  the  latter 
salt  involves  a  certain  degree  of  danger  to  the  laborers  who  may 
be  required  to  handle  it  while  the  sal  soda  is  practically  harmless. 
On  01,aa  plantation  where  the  use  of  poisonous  sprays  has 
been  given  a  thorough  test  the  acid  sodium  arsenite  is  in  use.    The 
following  formula  has  been  adopted  and  is  very  effective : 
20  pounds  arsenic 
4  to  5  pounds  caustic  soda 
10  gallons  water. 
This  mixture  is  boiled  for  10  to  15  minutes  and  the  whole 
diluted  to  400  gallons.    Instead  of  4  pounds  caustic  soda  approxi- 
mately 13  pounds  sal  soda  would  be  required. 

Effect  on  plant  growth. 

In  order  to  gain  some  information  with  reference  to  the  effect 
of  arsenite  of  soda  upon  plant  growth  a  series  of  pot  experiments 


was  carried  out.  For  these  experiments  three  soils  were  used  and 
three  crops.  The  soils  included  the  heavy  red  clay  type  No,  1; 
a  brown  clay  type  ^o.  2;  and  a  highly  organic  silt,  'No.  3. 
The  soils  were  also  of  different  chemical  types  and  partial  analyses 
are  herewith  inserted  for  reference: 

ANALYSES  OF  SOILS  USED. 
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The  crops  used  were  millet,  cowpeas  and  buckwheat,  all  of 
which  have  been  found  to  give  excellent  growth  in  pots.  ISTeutral 
sodium  arsenite  was  applied  to  the  pots  in  varying  amounts  as 
shown  in  the  following  table: 

EFFECT  OF  AESEmC  OJST  PLANT  GKOWTH, 
BUCKWHEAT 


Pot 

1 
2 
3 
4 
5 
6 
7 


Pot 

1 
2 
3 
4 
5 
6 
7 


Pot 

1 
2 
3 
4 
5 
6 
7 


Arsenic 

in  soil 
per  cent. 

.011 

.005 

.010 

.015 

.050 

.100 

.250 
check 


Arsenic 

in  soil 
per  cent. 

.001 

.005 

.010 

.015 

.050 

.100 

.250 
check 


Arsenic 

in  soil 
per  cent. 

.001 

.005 
.010 

.015 

.050 

.100 

.250 
check 


Wt.  of 

air  dry 

plants 

gms. 

15.0 

7.2 

12.8 

8.3 


22.0 

Wt.of 
air  dry 
plants 
gms. 
82.5 
65.0 
40.0 
49.0 
12.2* 


51.5 

Wt.of 
air  dry 
plants 

gms. 
14.5 

8.2 

6.0 

7.2 


10.0 


Wt.of 

air  dry 

plants 

gms. 

16.0 

16.4 

18.7 

15.0 

8.5* 

11.6* 

5  13.8 

COWPEAS. 
Wt.of 


No.  of 

plants 

5 
5 
5 
4 


No.  of 
plants 

4 
4 
4 
4 
4 


air  dry 

plants 

gms. 

161.0 
61.0 
92.0 

114.0* 
39.0* 


129.5 


MILLET 

Wt.of 


No.  of 
plants 

5 
5 
5 


air  dry 
plants 

gms. 

23.5 

20.5 

19.5 

31.7 

16.5* 


25.0 


No.  of 
plants 

5 
5 
5 
5 
3 
5 


No.  of 
plants 

4 
2 
1 
5 

2 


No.  of 

plants 

5 
5 
5 
5 
5 


Wt.of 
air  dry 
plants 
gms. 
44.6 
45.5 
51.0 
49.3 
14.8 


45.3 

Wt.of 
air  dry 
plants 
gms. 
206.5 
107.0 

22.0 
14.0* 


202.0 

Wt.of 
air  dry 
plants 
gms. 
73.0 
26.5 
69.5 
68.0 
20.5* 


64.2 


No.  of 

plants 

5 
5 
5 
5 
3 


No.  of 
plants 

5 
2 

1 
1 


No.  of 

plants 

5 
5 
5 
5 
5 


♦Represents  weight  of  second  planting,  the  first  having  died. 


In  some  of  the  pots  tlie  seed  germinated  but  the  plants  soon 
turned  brown  and  died.  All  pots  in  which  plants  died  at  irst 
planting  w-ere  replanted  and  in  several  instances  the  seeds  ger- 


Fig.  1 — CowFKAs — Soil  ^o,  3 
From  left  to  right,  Pots  Fo.  8,  1,  2,  4. 


Fig.  2 — BrcKWHBAT — Soil  JSTo.  1 
From  left  to  right,  Pots  IS'"o.  8,  1,  2,  3,  4,  5. 

minatod  at  second  planting  and  though  much  stunted  in  growth 
reached   matiiritj. 

These  plants  indicate  strongly  that  the  effect  of  sodii 


dram  arsen- 


ite   on   plant  growth   depends   upon    the    resisting   power   of    tbe 

plant,  and  upon  tlio  cliciiiieal  and  plijsical  nature  of  tlir*  soil.    It 

iglit  be  said  tliat  in  small  quantities  the  plant  growth  is  stinra- 

.ted  in  most  instances,  lint  when  added  at  the  rate  of  JO  to  .25 

' -■'    -■»-— ^   -1-    * -^' "-  impossible.     No  fertilizers 
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per  cent,  plant  growth  is  prac 

were  added  to  these  pots  and  it  is  highly  probable  that  tlicir  add 

tion  might  iniucnce  tlie  aetion  of  lie  arseuie. 

The  accoinpanjing  plate  (Figs.  1,  2  and  3)  illustrates  iiio] 
flparly  th.p  pffeft  of  tliis  ehemieBl,      A11  phAtoe-r«T)ha  wero  take 


were  ahouf 
ied  bi'fnre  rv 
erirdnatious 


e  roost 


month  old,  und  soiiM 

ling  roaturitv. 

■•re  made  on   all  plants  from   pots 


when  tlie  j 
sfiiiited  plants 
Arsenic  (h 

n limbered  4,  5  and  6.  Tlie  "Marsh  apparatus  was  used  in  the 
analysis  a.s  dcseribed  in  IJ.  S.  Dept  of  Agr..  Bur.  of  Cheui.,  Bui. 
113,  p.  61.  It  was  found  to  bo  present  iu  all  plants  grown  in  these 
pots,  but  not  in  weighable  amounts,  working  on  a  5  gram  sample, 
except  pots  'No.  5,  millet  and  buckwheat  grown  on  soil  K'o.  3.  In 
the  former  case  it  amounted  to  .0018  per  cent  and  in  the  latter 
.0053  per  eent.  This  indicates  that  the  arsenic  paisses  from  the 
soil  into  the  plant  tissues  and  that  when  present  in  the  plant  in 
minute  quantities  growth  is  niateriallj  stunted. 


Effect  upon  the  Physical  Condition  of  the  Soil. 

One  of  the  most  noticeable  effects  of  sodium  arsenite  in  the 
pot  experiments  was  its  action  upon  the  physical  condition  of  the 
soil.  It  has  a  very  strong  deflocculating  action  which  may  be 
attributed  to  either  one  or  both  of  two  reasons.  First,  arsenious 
acid  belongs  to  the  class  of  weak  acids  such  as  phosphoric  and 
others,  the  alkali  salts  of  which  have  a  strong  deflocculating  effect 
upon  clay.  Second,  when  sodium  arsenite  is  added  to  the  soil,  a 
process  known  as  selective  absorption  takes  place,  setting  free  the 
soda.  This  phase  of  the  question  is  dealt  with  more  thoroughly 
under  the  chemical  activities  (p.  13). 

The  mechanical  condition  of  the  soil  as  related  to  the  move- 
ment of  soil  moisture  involves  the  maintenance  of  a  loose  crumby 
structure.  Hence,  since  sodium  arsenite  is  such  a  strong  defloccu- 
lating agent  it  seemed  imperative  that  its  effect  upon  the  rise  and 
flow  of  water  be  determined. 

Effect  upon  Rise  of  Moisture. 

For  these  experiments  a  column  of  soil  several  feet  long  and 
1  inch  in  diameter  was  used,  the  bottom  of  the  column  standing  in 
a  solution  containing  200  parts  per  million  of  arsenic  (AS2OJ.) 
from  sodium  arsenite.  The  following  table  gives  the  results 
obtained : 


Soil 

No.  1 

Soil 

No.  2 

Soil 

No.  3 

Time 

Blank 

Arsenic 

Blank 

Arsenic 

Blank 

Arsenic 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

1  hr 

16.0 

15.1 

15.9 

16.5 

22.4 

21.4 

3    '' 

20.6 

19.8 

22.3 

22.5 

34.8 

33.5 

7    " 

24.0 

23.6 

28.8 

27.2 

46.0 

44.0 

22    " 

29.1 

28.9 

37.0 

34.7 

60.8 

58.4 

46    " 

33.4 

33.8 

44.1 

38.5 

69.7 

67.4 

68    " 

35.8 

36.4 

49.1 

41.7 

75.4 

72.7 

72    '' 

37.6 

38.5 

52.4 

44.5 

79.3 

76.5 

116    '' 

39.4 

40.2 

57.6 

49.7 

86.2 

83.2 

164    '' 

41.8 

42.7 

90.7 

87.7 

These  results  show  the  rise  of  water  to  be  diminished  in  two 
soils  and  practically  unaffected  in  the  third. 


In  the  next  table  are  given  data  showing  the  effect  upon  the 
flow  of  water  through  the  soil.  The  apparatus  used  was  very  simi- 
lar to  that  described  above  except  that  the  soil  column  was  kept 
under  a  constant  head  of  one  inch  of  a  solution  containing  200 
parts  per  million  arsenic.  The  amount  passing  through  was 
measured  at  various  intervals. 

EFFECT  OF  AESEI^IC  01^  PERCOLATIO]^  OF  WATER 
THROUGH  SOILS. 


Soil 

No.  1 

Soil 

No.  2 

Soil 

No.  3 

Time 

Blank 

Arsenic 

Blank 

Arsenic 

Blank 

Arsenic 

c.c. 

CO. 

c.c. 

c.c. 

c.c. 

c.c. 

8  hrs 

286 

416 

78 

183 

134 

128 

24    " 

695 

650 

90 

94 

225 

164 

32    '' 

365 

230 

35 

18 

119 

38 

48    " 

910 

680 

67 

18 

236 

37 

56    " 

400 

305 

28 

,  . 

,  , 

72    " 

770 

420 

40 

18 

37 

6 

80    " 

420 

135 

.  , 

.   . 

98    " 

620 

240 

44 

14 

.   . 

112    '' 

950 

Thus  it  may  be  seen  that  the  deflocculating  action  of  this 
chemical  is  directly  related  to  the  movement  of  water.  It  causes 
the  soil  particles  to  swell,  more  especially  in  the  organic  soils 
and  as  the  concentration  increases  a  water  logged  condition  en- 
sues. It  also  accentuates  the  colloidal  state  thus  increasing  the 
friction  and  thereby  making  the  passage  of  water  more  difficult. 

Biological  Influences. 

Arsenic  belongs  to  the  class  of  chemicals  known  as  very 
strong  poisons.  All  forms  of  plant  and  animal  life  are  influenced 
by  these  chemicals,  the  degree  of  effectiveness  depending  on  the 
amount  of  arsenic  present  and  the  degree  of  resistance  exhibited 
by  the  plant  or  animal.  Among  the  most  important  lower,  plants 
within  the  soil  are  the  bacteria  which  ammonify  and  nitrify  the 
nitrogenous  material,  thus  rendering  the  inert  componds  of  this 
element  available  to  the  plants.  The  rate  of  ammonification  or 
nitrification  is  even  greatly  influenced  by  the  presence  in  the  soil 
of  excessive  amounts  of  salts  generally  considered  comparatively 
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inert^.  Thus  their  development  and  functions  would  be  expected 
to  be  greatly  influenced  by  the  presence  of  such  a  virulent  poison 
as  arsenic. 

Ammonification. 

For  determining  the  influence  of  arsenic  toward  the  organ- 
isms which  bring  about  ammonification  the  following  method  was 
used.  One  hundred  grams  of  soil  and  1  gram  of  dried  blood  were 
weighed  into  gkiss  tumblers,  arsenite  of  soda  added  in  varying 
amounts,  the  moisture  content  brought  up  to  the  optimum  point 
and  the  whole  well  stirred.  They  were  then  incubated  for  7  days 
and  the  ammonia  determined  by  the  usual  method.  Results  are 
given  in  the  following  table : 

EFFECT  OF  ARSEJ^IC  ON  AMMOJSTIFICATIOISr. 


Soil  No.  1 

Soil  No.  2 

Soil  No.  3 

Arsenic 

Ammonia  in 

Ammonia  in 

Ammonia  in 

in  soil 

100  gms.  soil 

100  gms.  soil 

100  gms.  soil 

per  cent. 

mgs. 

mg. 

mg. 

.001 

35.5 

98.4 

40.5 

.005 

21.3 

75.3 

43.0 

.010 

27.8      ■ 

83.3 

51.5 

.015 

35.1 

76.1 

48.0 

.050 

2,8.5 

71,4 

70.4 

.100 

33.0 

81.2 

90.0 

.250 

34.0 

76.0 

100.1 

.500 

. . 

85.8 

1.000 

. . 

99.1 

Check 

34.5 

87.1 

53.7 

From  the  above  results  it  may  be  seen  that  in  some  propor- 
tions a  stimulation  takes  place  while  in  others  a  retarding  influence 
is  noted.  jSTo  general  law  is  applicable  to  all  soils.  The  greatest 
stimulation  is  noted  in  the  organic  soil  (No.  3),  being  at  .25  per 
cent  AsgOg  almost  double  that  of  the  check.  A  strong  stimulation 
is  also  apparent  even  at  the  excessive  content  of  one  per  cent. 
The  least  stimulation  is  to  be  found  in  the  soil  of  heaviest  clay 
content.  Hence  an  obvious  conclusion  to  be  reached  from  these 
results  is  that  the  influence  of  sodium  arsenite  on  ammonification 
depends  primarily  upon  the  mechanical  composition  of  the  soil 
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and   possibly   to   some   extent  upon   the   presence   or   absence   of 
organic  matter. 

I^ITRIFICATION. 

In  order  to  study  the  influence  upon  the  nitrifying  bacteria, 
the  same  method  described  under  the  determination  of  the  ammon- 
ifying power  was  used  except  that  the  incubation  extended  over  a 
period  of  21  days.  The  per  cent  nitrates  in  the  soil  was  then 
determined  by  the  usual  method.  The  results  are  given  in  the 
following  table. 

EFFECT  OF  AKSEJSTIC  ON  l^ITIFRICATIOlNr. 


Arsenic 
in  soil 

Soil  No.  1 
Nitrogen 

As  NO, 

3 

Soil  No.  2 

Nitrogen 

as  NO 

3 

Soil  No.  3 

Nitrogen 

asNO^ 

percent. 
.001 

p.p.m. 

82 

p.p.m. 
310 

p.p.m. 
455 

.005 

114 

280 

350 

.010 

240 

275 

350 

.015 

66 

275 

320 

.050 

400 

210 

330 

.100 

88 

260 

375 

.250 

24 

260 

405 

Check 

80 

300 

370 

The  influence  of  sodium  arsenite  on  the  nitrifying  bacteria 
was  greatest  in  the  red  clay  soil  (ISTo.  1).  Here  there  was  a  decided 
stimulation  up  to  .05  per  cent,  followed  by  a  rapid  reduction  in 
nitrate  content.  In  the  other  soils  the  influence  was  less  marked. 
In  these  the  functions  of  the  bacteria  were  apparently  little 
influenced  even  by  excessive  amounts  of  the  arsenic.  In  soils  1  and 
3  there  was  little  correlation  in  the  influence  upon  the  ammonify- 
ing and  nitrifying  bacteria  while  in  soil  'No.  2  the  action  was 
very  similar. 

Chemical  Activities. 

When  any  chemical  salt  is  added  to  a  soil  it  either  combines 
with  or  replaces  substances  already  present  or  remains  inactive  and 
is  readily  washed  out  by  the  raing.  Still  other  salts  are  broken 
up  or  decomposed  after  being  added  to  the  soil,  one  part  being 
washed  out  while  the  other  remains  fixed.    This  process  is  known 
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as  selective  absorption.  Most  salts  belong  to  the  first  or  second 
class  and  it  is  of  the  greatest  importance  that  we  know  whether 
arsenic  remains  fixed  in  the  soil  or  is  washed  out  by  the  rains.  If 
it  is  inactive  then  it  may  be  considered  harmless  but  if  active 
toward  substances  already  present  then  a  judicious  use  is 
imperative. 

The  first  series  of  experiments  to  determine  the  action  of 
arsenic  upon  the  soil  from  a  chemical  view  point,  were  made  with 
the  use  of  large  glass  percolators,  8G0  grams  of  soil  being  placed  in 
each  of  six  percolators.  The  soils  used  were  the  same  three  as 
used  in  the  pot  experiments.  In  this  case  500  cc  of  a  solution  of 
sodium  arsenite  containing  184  parts  per  million  arsenic  was 
poured  into  the  percolator  every  day  for  3  days  and  the  analysis 
of  the  filtrate  made  to  determine  how  much  arsenic  had  been 
taken  out  by  the  soil.  These  simple  tests  indicated  a  strong  affinity 
of  soils  for  arsenic,  the  first  portions  of  the  filtrate  being  absolutely 
free  of  this  chemical.  Later  portions  passing  the  soil  contained 
slight  traces. 

In  view  of  the  above  results  a  more  thorough  test  was  made 
upon  these  same  soils  with  lysimeters,  using  about  25  pounds  of 
soil.  A  solution  of  sodium  arsenite  of  the  same  strength  as  used 
in  spraying  was  prepared  and  about  3  litres  (approximately  3 
quarts)  poured  on  the  soil  in  each  lysimeter.  Two  lysimeters  were 
filled  with  each  soil,  to  one  of  which  the  3  litres  of  arsenic  spray 
was  applied  and  the  lysimeter  allowed  to  stand  about  2  months. 
Samples  of  the  soil  were  then  taken  at  different  depths  to  deter- 
mine how  deep  the  arsenic  had  penetrated  and  to  what  extent  it 
had  distributed  itself  at  various  depths.  To  the  second  lysimeter 
one  quart  of  water  was  added  every  other  day  for  several  weeks, 
then  allowed  to  remain  until  dry  enough  to  sample.  Samples  were 
then  taken  at  different  depths  to  determine  to  what  extent  the 
arsenic  is  carried  down  by  the  movement  of  the  water. 


Soil  No.3 

Not 

Depth . 

leached  Leached 

p.  cent.  p.  cent. 

1-2  in. 

.97         .95 

2-4  in. 

.50         .47 

4-6  in. 

.00         .00 
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ARSENIC    (AS2O3)    AT   DIFFERENT  DEPTHS   IN   SOIL  IN 
LYSIMETERS. 

Soil  No.  1  Soil  No.  2 

Not  Not 

Depth       leached  Leached  leached  Leached  Depth . 
p.  cent.    p.  cent.    p.  cent.    p.  cent. 
1-3  in.       .280         .224         .450         .237 
3-5  in.       .198         .211         .170         .092 
5-7  in.       .171         .145         .118         .092 
7-9  in.       .184         .170         .013 

In  the  above  table  the  first  column  represents  the  depths  to 
which  samples  were  taken  from  soils  1  and  2.  Soil  'No,  3  was 
sampled  at  different  depths  as  indicated  in  column  6.  Apparently 
the  organic  matter  is  most  active  toward  arsenic  as  in  the  highly 
organic  soil  (ISTo.  3)  it  was  practically  impossible  to  wash  out  the 
arsenic.  These  data  show  the  extent  to  which  arsenic  is  held  in 
the  soil  by  absorption  and  indicate  the  danger  to  be  expected  from 
the  accumulation  of  excessive  applications. 

The  tract  of  land  which  has  been  sprayed  longest  in  these 
islands  is  at  [Nahiku.  Here  the  weeds  have  been  kept  down  for  the 
last  5  years  by  three  sprayings  per  year  at  the  rate  of  5  pounds  per 
acre  per  application.  INo  plowing  has  been  done  and  hence  the 
soil  has  remained  undisturbed.  During  this  time  the  rainfall  has 
amounted  to  about  200  inches  per  year,  and  the  soil  during  this 
time  has  been  subjected  to  heavy  washing.  A  large  percentage  of 
the  water  has  penetrated  into  the  soil  as  the  loss  of  water  through 
surface  washing  is  very  low  in  this  district.  Throus;h  the  kind- 
ness of  Mr.  Anderson  samples  were  obtained  from  this  district  to 
a  depth  of  12  inches,  being  taken  every  4  inches.  The  first  4 
inches  contained  .00924  per  cent  arsenic  rAs.^O.\  the  sample^? 
below  this  depth  contained  none  at  all.  This  is  entirely  in  accord 
with  the  results  obtained  in  the  lysimeters. 

The  nature  of  the  reaction  between  the  sodium  arsenite  and 
the  soil  is  apparently  one  of  complex  proportions.  The  greatest 
activity  is  with  the  iron  and  humus  and  to  a  less  extent  the  lime 
and  magnesia.  A  complete  analysis  of  the  filtrate  collected  from 
the  percolation  experiments,  using  a  solution  containing  200  parts 
per  million  arsenic,  disclosed  very  little  conclusive  data.  However, 
the  concentration  was,  in  most  instances,  found  to  be  greatest  in 
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the  filtrates  obtained  by  passing  the  solution  of  sodium  arsenite 
through  the  soil  as  compared  with  a  water  extract. 

In  order  to  magnify  the  action  of  sodium  arsenite  a  series  of 
experiments  was  planned  as  follows:  200  grams  each  of  the  3 
types  of  soil  was  weighed  into  a  large  bottle  and  to  this  was  added 
1  litre  of  a  solution  containing  1  per  cent  sodium  arsenite.  Check 
experiments  were  also  made  upon  the  soils  using  1  litre  of  water. 
These  were  well  shaken  at  intervals  for  several  days  and  allowed 
to  stand  two  weeks.  They  were  then  filtered  and  analyses  made  on 
the  filtrates,  and  humus  determined  in  the  soils. 

The  following  table  shows  the  percent  of  humus  removed  from 
the  soil  by  treatment  with  sodium  arsenite. 

HUMUS  REMOVED  FROM  THE  SOILS  BY  TREATMENT  WITH 
1  PER  CENT.  SODIUM  ARSENITE  SOLUTION. 

Humus 


Soil 
Number 

1 

Humus 

in  soil. 

per  cent. 

2.77 

in  soil  after 
treatment 
per  cent. 

1.56 

Humus 
dissolved, 
per  cent. 

1.21 

2 

1.68 

1.80 

0.00 

3 

8.75 

8.40 

0.35 

In  the  next  table  is  presented  data  relating  to  the  changes  in 
composition  of  the  sodium  arsenite  solution  when  in  contact  with 
the  soil. 
ANALYSES  OF  WATER  AND  ARSENIC  EXTRACTS  OF  SOILS. 


Soil  No.  1 

Soil 

No.  2 

Soil 

No.  3 

Water 

Arsenic 

Water 

Arsenic 

Water 

Arsenic 

extract 

extract 

extract 

extract 

extract 

extract 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

Iron  oxide   

trace 

716.0 

trace 

121.0 

trace 

90.0 

Calcium  oxide  . .  . 

11.2 

84.0 

13.6 

124.0 

74.6 

126. 

Magnesium   oxide 

3.6 

20.0 

10.8 

44.0 

7.4 

26.0 

Arsenic    (AS2O3). 

396.0 

6000 

4480.0 

Arsenic  fixed  by 

200  gms.  soil.  . 

2640 

600 

2120.0 

The  above  figures  represent  miligrams  per  litre,  excepting  the 
last  column  which  gives  miligrams  of  arsenic  (AsoOg)  fixed  by 
the  soil.  An  analysis  of  the  solution  used  shows  an  arsenic  content 
of  6600  miligrams  per  litre. 

From  these  data  it  is  possible  to  advance  several  theories  as 
to  the  action  of  this  chemical.    The  soluble  action  toward  humus  is 
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undoubtedly  a  result  of  selective  absorption.  Tbat  is,  the  arsenic 
is  absorbed  and  the  soda  liberated  as  the  carbonate  or  possibly 
hydrate.  The  action  of  sodium  carbonate  toward  humus  is  well 
known,  it  being  responsible  for  the  black  alkali  lands  of  the 
western  states.  The  supposedly  neutral  salt  of  sodium  arsenite  is 
alkaline  in  reaction  and  as  long  as  it  is  in  solution  in  contact  with 
the  soil  it  remains  alkaline,  at  least  in  so  far  as  these  experiments 
were  carried  out.  But  soon  after  filtering  the  soil  the  solution 
becomes  acid  or  neutral  or  possibly  may  remain  alkaline  depending 
on  the  degree  of  absorption  w^hich  took  place  w^hen  in  contact  with 
the  soil. 

As  additional  proof  of  the  theory  that  selective  absorption 
takes  place  it  should  be  stated  that  the  soil  absorbing  the  highest 
weight  of  arsenic  was  in  contact  with  the  solution  of  highest 
alkalinity  and  lost,  through  solution,  the  most  humus.  The  soil 
absorbing  the  least  arsenic  lost  no  humus. 

The  extract  of  the  soil  treated  with  arsenic  was  very  dark  in 
color  according  to  the  humus  dissolved.  On  acidifying  this  extract 
with  hydrochloric  acid  a  large  per  cent  of  the  humus  was  precipi- 
tated, carrying  with  it  a  large  percentage  of  the  iron.  This  is  a 
well  known  property  of  humus  as  extracted  from  soils  by  ammonia. 

The  most  striking  figures  are  those  showing  the  increase  in 
solubility  of  iron  as  effected  through  the  presence  of  sodium 
arsenite.  The  solubility  of  this  constituent  of  our  soils  is  very 
low.  It  is  present  in  a  form  soluble  in  water,  in  only  minute 
traces. 

The  interaction  of  the  arsenic  and  iron  apparently  depends 
upon  the  form  in  which  the  latter  exists  in  the  soil.  Soil  I^o.  1  is 
a  red  clay  and  here  the  reaction  is  strongest,  soils  number  2  and 
3  are  a  brown  and  a  black  soil  respectively  and  the  action  is  far 
less  marked.  What  the  nature  of  the  action  is  it  is  impossible  at 
this  time  to  say  as  it  would  involve  the  establishing  of  the  presence 
or  absence  of  ferrates  or  ferrites  in  the  soils.  This  involves  an 
investigation  too  technical  for  a  bulletin  of  this  sort.  Further 
work  of  this  nature  is  contemplated.  The  reaction  with  the  red 
soil  is  primarily  chemical,  the  arsenic  replacing  the  iron  and  the 
latter  going  into  solution.  It  is  first  necessary  to  determine 
definitely  the  chemical  form  in  which  the  iron  exists  in  the  soil  in 
order  to  present  a  theory  as  to  the  nature  of  the  reaction. 
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The  preceding  table  shows  the  red  soil  to  have  absorbed  the 
most  arsenic,  while  the  results  in  the  lysimeters  show  the  organic 
soil  to  have  the  highest  absorbing  power.  This  is  due  to  the  fact 
that  the  arsenic  solution  acts  more  slowly  upon  the  physical 
properties  of  the  red  soil  and  hence  in  the  lysimeters  penetrates  to 
a  greater  depth  before  fixation  is  complete.  Further  proof  of  this 
may  be  had  by  reference  to  the  tables  showing  eifect  on  capillary 
rise  and  fall  of  water.  The  movement  in  the  red  soil  is  influenced 
least  by  the  arsenic. 

Summary. 

1.  Arsenite  of  soda  has  been  used  as  a  spray  for  killing  weeds 
in  Hawaii  for  about  five  years. 

2.  As  a  means  of  eradicating  these  pests  it  has  proved  cheap 
and  effective. 

3.  Two  formulas  may  be  used  in  preparing  the  spray.  One 
results  in  a  neutral  sodium  arsenite,  the  other  in  an  acid  sodium 
arsenite.  The  former  is  the  more  economical,  adds  less  arsenic 
to  the  soil,  and  is  equally  efficient  as  a  weed  destroyer. 

4.  Plant  growth  is  very  sensitive  to  this  poison,  the  resistance 
varying  with  the  different  plants  and  the  different  types  of  soil. 
It  is  assimilated  by  the  plant  and  on  analysis  of  the  dead  plants 
may  be  found  scattered  throughout  the  tissues. 

5.  The  mechanical  condition  of  the  soil  is  materially  altered 
by  its  presence.  Its  action  is  primarily  that  of  a  deflocculating 
agent,  thus  checking  the  movement  of  the  water. 

6.  The  influence  upon  the  soil  bacteria  varies  considerably  in 
the  different  types  of  soil  and  no  general  rule  seems  to  apply 
within  reasonable  limits. 

7.  This  chemical  is  strongly  fixed  by  the  soil  even  resisting 
the  washii^g  of  excessive  rains,  and  is  shown  to  accumulate  in  the 
top  layer.  A  sample  of  soil  taken  from  a  tract  of  land  sprayed 
for  five  years,  on  analysis  showed  all  the  arsenic  to  be  present  in 
the  top  four  inches  of  soil. 

While  there  is  no  immediate  danger  from  the  use  of  arsenite 
of  soda  in  killing  weeds  it  is  imperative  that  it  should  not  be  used 
in  excessive  amounts  if,  as  these  experiments  indicate,  the  accumu- 
lation in  the  top  few  inches  of  the  soil  is  to  continue  indefinitely. 
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Introduction. 

For  many  years,  the  Hawaii  Agricultural  Experiment 
Station  has  advised  the  growing  of  leguminous  crops  as 
green  manures  in  every  system  of  permanent  agriculture 
under  Hawaiian  conditions.  The  value  of  green  manures 
for  practically  every  type  of  soil  is  well  known,  and  for 
the  heavy  clay  soils  of  Hawaii,  with  their  tendency  to  pud- 
dle, humus  js  especially  needed.    The  organic  material  sup- 


plied  by  plowing  under  legumiiioiLs  crops  lightens  the  soil, 
improves  the  drainage,  and  by  its  decay  makes  the  phos- 


1.     Crotahii 

la    snUiana.,    one    of    the    wihi    "rattlepod 

jneiKie<l   as  h 

green  manure.     The  canoe -shaped  pods 

yellowish   brc 

)wn   in  cok)r  and  contain  yellow  seeds. 

light 


tjlioric  acid  and  potash  in  tlie  soil  more  availalile  to  follow- 
ing crops.  The  chief  value  of  legumes  is,  however,  in  the 
nitrogen  which  they  add  to  the  soil.     As  is  well  known, 
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%Kf^' 


they  differ  from  most  other  plants  in  that  the  bacteria, 
which  live  on  their  roots  and  form  nodules  resembling 
small  warts,  are  able  to  take  up  nitrogen  from  the  air  and 
change  it  into  a  form  which  the  plants  can  use.  When  the 
legumes  are  plowed  under,  the  nitrogen  they  contain  is 
added  to  the  soil,  increasing  the  supply  upon  which  the 
succeeding  crops  can  draw. 

Nitrogen  Content  of  Legume  Varieties. 

In  experiments  conducted  by  the  chemical  department  of 
this  station,  32  varieties  of  legumes  were  grown  on  two 
soils  of  different  types.  One  eoil  was  a  dark  brown  clay 
from  the  station  grounds,  the  other,  an  acid  red  clay  from 
the  Kunia  district  of  the  Island  of  Oahu.  Three  crops 
were  grown  of  e^ch  of  the  32  varieties  of  legumes,  using 
4  pots  for  each  trial  of  each  variety.  At  maturity,  the 
plants  were  removed,  weighed,  and  analyzed  for  nitrogen. 
Analyses  of  the  soil  for  nitrogen  were  made  before  planting 
and  after  removing  ^he  crop.  These  analyses  indicate  that 
a  large  portion,  at  least,  of  tjie  nitrogen  in  the  legumes 
was  obtained  from  the  air  through  the  associated  root- 
tubercle  bacteria. 

The  results  of  thp&e  experinaents  will  be  given  in  detail 
in  a  forthcoming  putiUcation  by  Alice  R.  Thompson,  Assist- 
ant Chemist  of  this  ^^ption,  biit  as  the  projected  bulletin  is 
technical  in  character,  it  is  tjipught  that  some  of  the  data, 
presented  in  a  less  tecj^nical  fof^m,  will  be  of  popular  interest 
and  value.  The  yiel4  of  fresf|ly  cut  stems  and  leaves  (or 
green  forage)  appe^yed  to  lf^§  the  most  practical  basis  on 
which  to  estimate  f^e  nitrpgen  content  of  the  different 
leguminous  crops.  ^\ie  yie}(|s  on  this  basis  can  be  ascer- 
tained with  little  ti't^yble  by  ipowing  and  weighing  the  crop 
from  a  small  measured  are§. 

The  approximate  nitrogen  content  of  the  various 
legume  varieties,  calculated  on  the  above  basis,  is  given  in 
Table  I.  Six  varieties  of  cowpeas  were  grown,  including 
the  Whippoorwill,  Taylor,  Redripper,  Brabham,  Black,  and 
mixed,  but  the  results  for  these  different  varieties  agreed 
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so  closely  that  they  were  averaged.  The  I'esiilts  for  tlie 
four  velvet  beans  grown,  including  the  Mauritius,  Florida, 
Lyon,  and  Brazilian,  also  agreed  very  closely  and  were 
averaged. 


bm.  2.  Crolid'ina  «»•«■«,»,  one  of  the  wild  "rattlepods"  recommended 
as  a  green  manure.  This  rattlepod  is  distinguished  from  the 
similar  one  shown  in  Fig,  1  by  the  fine  hairs  on  the  stems, 
l«avcs,  and  pods.  The  pods  are  black  in  t-olor  with  dark  or 
greemsh   seeds. 
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Table  I  gi\'es  the  name  of  the  variety  of  legume  and  the 
amount  of  nitrogen  in  the  stems  and  leaves,  in  the  roots, 
and  in  the  total  plant,  calculated  on  a  basis  of  a  ton  of 
fresh  cut  stems  and  leaves.  That  is,  if  a  crop  of  legumes 
is  cut  and  weighed  while  fresh,  then  in  each  ton  of  the 
weighed  stems  and  leaves  and  in.  the  roots  belong^'ng  to 
that  ton,  there  will  be  approximately  the  amount  of  nitrogen 


Fig*.  S,  Indigo  plant  {Indigofetd  anil),  a.  leguminous  weed  very  high 
in  nitrogen.  Easily  identified  by  the  clusters  of  tiny  Maek  pods 
I'escmbling  miniature  bunches  of  bananas. 


shown  in  the  table.  If  a  growler,  for  example,  wishes  to 
loiow^  how  much  nitrogen  a  ci'op  of  sunn  hemp  will  add 
to  his  soil  m'"heii  turned  under,  he  can  go  to  his  field  and 
cut  a  known  area,  as  one-tenth  of  an  acre,  and  weigh  the 
steins  and  leaves  cut.  If  they  weigh  say,  1.8  tons,  then  in 
the  stems  and  leaves  cut  there  wdll  be  16  pounds  of  nitrogen 
per  ton,  and  in  the  roots  left  in  the  ground,  4.2  pounds, 
Piaking  a  total  of  20,2  pounds  of  nitrogen  per  ton,  or  36.4 


pounds  for  the  1.8  tons.  For  the  whole  acre,  there  would 
be  ten  times  this  amount  or  364  pounds  of  nitrogen. 

It  is  to  be  understood  of  coure,  that  the  figures  in  Table  I 
are  only  approximate.  They  are  the  average  of  a  large 
number  of  pot  experiments  which  do  not  exactly  duplicate 
field  conditions. 

The  amount  of  nitrogen  in  a  given  legume  is  not  abso- 
lutely constant  but  varies  to  some  extent  with  diJfferent  con- 
ditions of  soil  and  climate.  However,  the  figures  given  are 
sufficiently  representative  for  ordinary  calculations,  and  as 
they  are  based  on  crops  grown  under  similar  conditions, 
they  should  be  of  considerable  value  in  comparing  the  dif- 
ferent legume  varieties.  Although  the  crops  grown  on  poor 
soil  were  smaller  than  those  on  good  soil,  the  amounts  of 
nitrogen  calculated  on  the  basis  of  a  ton  of  fresh  cut  stems 
and  leaves  were  found  to  agree  fairly  closely  for  both  soils. 

Yields  and  Time  Required  for  Maturing  Different 

Legumes. 

In  order  to  compare  the  amounts  of  nitrogen  added  to 
the  soil  by  different  legumes,  the  yields  of  the  different 
legumes  and  also  the  time  necessary  to  mature  a  crop  for 
green-manuring  must  be  considered. 

Data  on  yields  and  growing  time  are  given  in  Table  II, 
in  which  comparisons  are  also  made  of  the  nitrogen-adding 
value  of  the  different  legumes. 
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Ta})le  II  gives  the  kind  of  legume,  the  range  in  yield  and 
average  tonnagre  of  fresh,  cut  stcmis  and  leaves  Der  acre,  data 
obtained  .from  numerons  field  trials  by  the  agronomy  de~ 
Dartment;  and  the  amount  of  nitrogen  in  the  total  plant 
per  ton,  of  fresh  cut  stems  and  leaves,  as  given  in  Table  I. 
Ill  aildition  Table  11  shows  the  estimated  amonnt  of  nitroffe„" 


idgc  Pea 
M>d  h 
and    its   simUu 


_^,,,     ,.,anesetea.      (X-'-'issui  chamaeerwla) ,  i 
Jegummous    w(M>d  ^  high    iiyjiitrogcn.      Easily    recognized    by    iti 
)   the    scDsitivft    plant. 


added  per  acre  by  turning  unxier  the  average  crop  of  each 
k^!gume.  These  figures  are  obtained  by  nuiltiplyi ng  the 
average  tonnage  of  fresh  (ait  stems  and  leaves  per  acre 
l)y  tlie  pounds  of  nitrogen  in  the  total  plant.  White  crop 
yields  are  affected  by  the  rainfall,  the  season,  the  soil,  et(;., 
still  tiiese  figui-es,  based  on  an  average  crop  pi'oduetioe, 
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should  be  of  considerable  value  in  comijaiing  the  nitrogen 
adding  efficiency  of  the  different  legumes  and  in  indicating- 
desirable  varieties. 

The  estimated  time  retpiired  to  mature  a  crop  for  a 
green  manure  also  appeal's  in  Table  IL  These  figures  should 
be  taken  into  consideration  where  time  is  an  important  fac- 


:.  5.  Phnneolus  semi-erei-lns.  When  thickly  sown  on  woi'ii  out 
Fhisture  land,  this  legume  has  been  found  of  considerable  value 
us  a  green  manure. 


tor  or  several  leguminous  crops  are  to  be  grown  in  sue- 
cession. 


Desckiption  of  Varieties. 

Nearly  all  the  cultivated  legumes  mentioned  in  the  above 
tables  are  well  known.  These  legumes  have  been  described 
m  a  previous  publication  of  the  station. ' 


'  Hawaii  Sta,  Bill.  23  (19X1), 
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Seven  of  the  legumes  given  in  the  tables  occur  commonly 
as  weeds  in  Hawaii.  Of  these  the  most  important  appear 
to  be  the  wild  '*rattlepods"  (Crotalaria  saltiana  and  Crota- 
laria  incana,)  These  rattlepods  grow  wild  and  seem  adapted 
to  nearly  every  kind  of  soil  and  climate  occurring  in  Ha- 
waii. An  abundant  supply  of  seed  can  be  easily  obtained 
by  gathering  the  pods  from  the  wild  plants  and  allowing 
them  to  dry  on  a  large  cloth  in  the  sun.  The  seeds  which 
are  expelled  from  the  pods  on  drying  are  easily  separated 
for  planting. 

Some  of  the  advantages  of  the  Crotalaria  saltiana  have 
been  mentioned  in  a  previous  publication  of  this  station.  ^ 
Because  of  the  high  nitrogen  content  of  the  wild  rattle- 
pods  as  shown  in  the  tables,  and  their  adaptability  to  soil 
and  climatic  conditions  suitable  for  the  cultivation  of  pine- 
apples, they  are  recommended  as  a  green  manure  for  the 
preparation  of  pineapple  fields.  These  rattlepods  are  also 
especially  valuable  as  a  green  manure  for  the  manganese 
soils  of  Oahu,  as  they  are  about  the  only  legumes  appar- 
ently uninjured  by  the  black  manganiferous  soils. 

The  chief  objection  to  these  wild  rattlepods  is  the  woody 
character  of  their  stems  which  causes  some  difficulty  in 
turning  them  under.  This  woody  character  appears  to  the 
writers,  however,  as  of  considerable  advantage  in  other 
ways  under  Hawaiian  conditions.  Under  mainland  condi- 
tions, with  the  short  period  from  planting  to  harvest  of 
the  main  crop,  a  lush,  rapidly  decaying  and  humifying  green 
manure  such  as  the  cowpea  is  desirable.  Under  the  semi- 
tropical  Hawaiian  conditions,  rapid  decay  is  undesirable 
as  the  humus  is  soon  ''burnt  out''  of  the  soil.  With  a  crop 
such  as  pineapples,  requiring  a  long  growing  period,  the 
slower  decay  resulting  from  the  more  woody  character  of 
the  stems,  would  appear  to  constitute  a  recommendation 
for  these  wild  rattlepods  as  green  manures. 

Other  legumes  given  in  the  tables  which  occur  commonly 
as  weeds  are  the  indigo  plant,  (Indigofera  anil,)  partridge 

'  Hawaii  Sta.  Rpt.  (1914),  p.  21. 


■•■i 

Mtfi    ■- 

iM 

m 

Fig.  f>.     Spanish   Clover    (DcmHodiiim  iivcinali/m).     A  thorough  disk 
ing  is  sufficient  preparation  for  planting  this  legume. 


pea  {CaHH'ia  eJmnmecrkta) ,  Phaseolms  .Hemiereetus,  and 
Spanish  clover  (DeHmmlmni  uneinatum) ,  illustrated  in  fig- 
ures o,  4,  F),  and  6,  respectively.  Because  of  its  well  known 
appe.irance  and  noti-importance  as  a  green  manure,  the 
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sensitive  plant  is  not  given.  Under  certain  conditions  it 
may  be  advisable  to  grow  some  of  these  other  leguminous 
weeds  as  a  green  manure,  especially  the  Indigofern  and  the 
Cassia  which  have  a  very  high  nitrogen  content.  The  prin- 
cipal object  in  including  these  weeds  in  the  tables,  how- 
ever, is  to  show  the  store  of  nitrogen  they  contain,  and  to 
indicate  that,  in  preparing  new  land,  these  leguminous 
weeds  should  be  plowed  under  to  add  their  nitrogen  to  the 
soil  instead  of  being  burned  off,  as  is  the  usual  practice. 

Value  of  Nitrogen  Added  to  Soil  by  Green  Manure. 

From  the  estimated  amount  of  nitrogen  added  per  acre 
by  turning  under  the  average  crop  of  each  legume,  it  is 
very  easy  to  estimate  the  value  of  the  nitrogen  added  to 
the  soil.  Twenty  cents  per  pound  is  a  low  figure  for  or- 
ganic nitrogen  in  commercial  fertilizers,  and  ,the  value  of 
the  nitrogen  added  by  an  average  crop  of  sunn  hemp  (364 
pounds)  or  of  cowpeas  (182  pounds)  is  apparent.  Experi- 
ments at  the  Illinois  Agricultural  Experiment  Station  '  with 
typical  legumes  show  that  about  45  per  cent  of  the  nitrogen 
in  the  tops  of  legumes  is  in  water-soluble  form  and  as  such 
could  be  easily  changed  into  a  form  available  for  following 
crops.  Experiments  conducted  at  this  station  show  that 
the  ammonification  and  nitrification  (the  changes  which 
render  the  nitrogen  available  for  following  crops)  of  the 
nitrogen  in  cowpeas,  turned  under  in  the  soil,  compare  very 
favorably  with  the  ammonification  and  nitrification  of  dried 
blood  under  similar  conditions. 

Summary. 

1.  A  table  is  given  showing  for  a  large  number  of 
legumes  the  approximate  amount  of  nitrogen  in  the  roots, 
in  the  stems,  and  leaves  and  in  the  total  plant.  From  this 
table,  each  individual  farmer  can  calculate,  by  determining 
the  crop  yield  on  a  small  portion  of  his  field,  the  approxi- 

'  A.  L,  Whiting,  Illinois  Sta.  Bui.  179    (1915),  p.  540. 
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mate  amount  of  nitrogen  that  a  leguminous  crop  will  add 
to  his  soil  when  plowed  under. 

2.  A  second  table  shows  the  range  in  yields,  and  aver- 
age crop  yields  for  various  legume  varieties  on  soils  of 
ordinary  fertility,  together  with  the  approximate  amount 
of  nitrogen  that  an  average  crop  of  each  legume  variety 
will  add  to  the  soil  if  plowed  under. 

3.  The  sunn  hemp  and  the  wild  '*rattlepods"  appear 
to  be  among  the  legumes  possessing  the  highest  nitrogen 
adding  efficiencies  and  are  therefore  recommended  as  green 
manures  in  Hawaii. 
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Composition  and  Digestibility  of  Feeding 
Stuffs  Grown  in  Hawaii 

By 

Maxwell  0.  Johnson,  Chemist 

and 

Kim  Ak  Ching,  Assistant  Chemist 


INTRODUCTION 

The  present  shortage  in  feeding  stuffs  and  the  pos- 
sibility that  communication  between  the  mainland  and  the 
Hawaiian  Islands  may  be  interrupted  demand  that  every 
effort  should  be  made  to  increase  the  supply  of  feeding 
stuffs  grown  in  Hawaii.  The  Hawaii  Agricultural  Ex- 
periment Station  has  issued  at  various  times  a  number 
of  publications'  dealing  with  the  cultivation  of  local  crops 
for  use  as  feeding  stuffs. 

*  Krauss,  F.  G.,  Hawaii  Sta.  BuL  23  (1911)  ;  McClelland,  C.  K., 
Hawaii  Sta.  Bui.  36  (1915),  Press  Buls.  40  and  42  (1913).  See 
alsa  Hawaii  Sta.  Reports. 


ANALYSES  OF  HAWAIIAN  FEEDING  STUFFS 

In  seeking  new  sources  of  supply  of  feeding  stuffs,  in 
determining  their  relative  values,  and  in  calculating  rations 
for  live  stock,  the  determination  of  the  chemical  composi- 
tion of  feeding  stuffs  is  of  very  great  importance.  The 
chemistry  department  of  the  Hawaii  Agricultural  Experi- 
ment Station  has  from  time  to  time  published  analyses 
of  samples  of  local  feeding  stuffs.  The  majority  of  these 
analyses  were  made  by  E.  C.  Shorey'  and  a  number  by 
Miss  A.  R.  Thompson'.  A  number  of  analyses  have  been 
performed  by  the  present  chemist  of  the  station.  In  order 
that  the  data  secured  may  be  of  the  greatest  service  in 
the  present  emergency,  all  the  analyses  so  far  made  have 
been  collected  in  Table  I,  where  they  are  arranged  in  a' 
form  convenient  for  comparison  with  standard  tables  of 
American  feeding  stuffs,  such  as  those  of  Henry  and 
Morrison'. 

It  is  believed  that  the  analyses  of  most  of  the  im- 
portant feeding  stuffs  proauced  in  Hawaii  are  given  in 
Table  I.  If  any  have  been  omitted,  samples  will  be  ana- 
lyzed if  about  one  pound  of  material  in  the  condition  in 
which  it  is  usually  fed  to  live  stock  is  forwarded  to  the 
station. 

'  Hawaii  Sta.  Bui.  13    (1913). 

"  Hawaii  Sta.  Rpt.  1907,  pp.  63-66;  190B,  pp.  58,  59. 
'    Henry,    W.    A.,    and    Morrison,    F.    B.      Feeds    and    Feeding. 
Madison,  Wis.,  1915,  15  ed.,  rev.,  pp.  691. 
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The  analyses  in  Table  I  were  made  according  to  the 
methods  adopted  by  the  Association  of  Official  Agricultural 
Chemists/     The   crude   protein   represents   all   the   nitro- 
genous   constituents    of    the    feeding    stuff    and    consists 
chiefly  of  the  proteids,  which  are  necessary  to  supply  new 
tissue  for  replacing  the  body  waste  and  for  growth,  milk 
production,  etc.     The  fiber  is  the  material  left  after  boil- 
ing the  sample  with  sulphuric  acid  and  with  caustic  soda 
and  represents  roughly  the  woody  matter.     It  has  a  low 
nutritive  value,  but  a  portion  of  it  is  digested  by  animals. 
The  nitrogen-free  extract  represents  the  starch,  sugar,  and 
similar  substances  in  the  feed  and  usually  has  a  high  nutri- 
tive value.  In  Table  I,  the  crude  fiber  and  nitrogen-free  ex- 
tract are   grouped   together   as   carbohydrates,   according 
to  the  method  used  by  Henry  and   Morrison."     The   fat 
represents  the  material  extracted  from  the  feeding  stuff 
by  ether.    In  concentrates  such  as  middlings  and  oil  meal, 
the  so-called  fat,  or  ether  extract,  consists  mainly  of  fats 
and  oils,  but  in  roughages  other  substances  may  be  present 
in  large  amount.    The  digested  carbohydrates  and  fats  are 
used  to  produce  fat  and  to  supply  the  energy  necessary 
for  work  and  for  the  body  activities.     Excess  of  digested 
protein  may  also  be  used  for  the  same  purposes.     The 
ash   represents   the   mineral   constituents   of  the   feeding 
stuff  left  after  ignition.     The  importance  of  the  mineral 
constituents  to  animals  is  being  increasingly  recognized. 
Lime  and  phosphoric  acid  are  usually  the  most  important. 
Shorey'  has  pointed  put  the  very  low  lime  content  of  many 
Hawaiian  feeding  stuffs  and  the  value  of  his  suggestions 
has  been  recognized  by  those  raising  live  stock  in  Hawaii. 

DIGESTIBILITY   OF   FEEDING   STUFFS 

It  has  been  found  by  experiments  on  living  animals 
in  which  the  feed  fed  is  weighed  and  analyzed  as  are  like- 
wise the  excretory  products,  that  only  a  part  of  the  total 
amount  of  each  nutrient  in  a  feed  is  digested.     Such  ex- 

;  U.  S.  Dept.  Agr.,  Bur.  oFchem.  Bui.  107   (1907),  ppT^S^^SsT" 
-  Loc.  cit. 

^  Loc.  cit. 
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periments  performed  on  a  large  number  of  animals  are 
used  in  determining  the  average  ^'coefficient  of  digest- 
ibility" for  each  nutrient,  such  as  crude  protein,  fat,  etc. 
This  coefficient  of  digestibility  represents  the  average  per- 
centage of  the  total  amount  of  each  nutrient  which  is 
digested  by  the  animal  body  and  thus  becomes  capable  of 
utilization.  It  has  been  found  by  experiment  that  the 
digestibility  of  feeds  is  affected  to  some  extent  by  a^variety 
of  causes,  such  as  the  kind  of  animal  fed,  the  composition 
of  the  rations,  the  preparation  of  the  feed,  etc.  The  total 
amount  of  each  nutrient  in  100  pounds  of  a  feed,  multi- 
plied by  the  coefficient  of  digestibility  for  that  nutrient 
gives  the  average  ampunt  of  the  digestible  nutrient  per 
100  pounds.  Unfortunately,  up  to  the  present  time,  the 
necessary  money  and  equipment  have  not  been  available 
for  determining  by  an  extensive  series  of  slow  and  costly 
feeding  experiments  the  average  digestibility  of  Hawaiian 
feeding  stuffs.  Until  such  experiments  can  be  carried  out, 
it  is  necessary  to  assume  that  the  average  digestibility  of 
the  nutrients  in  the  various  Hawaiian  feeding  stuffs  is 
approximately  the  same  as  for  similar  materials  produced 
on  the  mainland  for  which  digestibility  data  have  been 
secured.  Since  a  comparison  of  the  analyses  of  the  various 
Hawaiian  feeding  stuffs  with  similar  mainland  materials 
shows  that  their  compositions  are  similar,  there  would 
probably  not  be  very  great  error  in  assuming  similar 
digestibilities.  On  this  assumption  it  is  possible  to  cal- 
culate approximate  digestible  nutrients  of  Hawaiian  feed- 
ing stuffs,  which,  though  not  strictly  accurate,  are  of  value 
as  the  best  data  available  at  present.  It  should  be  re- 
membered that  all  figures  showing  digestible  nutrients  in 
feeding  stuffs  are  only  approximate,  as  digestibility  is  a 
variable  factor  for  which  average  values  only  can  be 
secured.  The  approximate  digestible  nutrients  of  Hawaii- 
an feeding  stuffs  are  given  in  Table  II. 
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In  Table  II,  the  digestible  nutrients  are  estimated  by 
combining  the  analyses  of  Table  I  with  the  table  of  the 
average  digestibility  of  American  feeding  stuffs  compiled 
by  Henry  and  Morrison/ 

No  digestibility  coefficients  were  available  for  some 
feeds,  and  in  such  cases,  the  coefficients  of  similar  feeds 
were  used.  Because  of  the  aproximate  character  of  the 
whole  table  these  cases  were  not  given  any  special  nota- 
tion. The  digestible  protein  in  100  pounds  of  a  feeding 
stuff  is  found  by  multiplying  the  total  crude  protein  in 
100  pounds  (as  shown  by  the  analyses  in  Table  I)  by  the 
digestibility  coefficient  for  crude  protein  in  that  feed.  The 
digestible  fiber  and  nitrogen-free  extract  are  added  to- 
gether as  digestible  carbohydrate.  The  total  of  the  digest- 
ible nutrients  given  in  the  sixth  column  of  Table  II  was 
obtained  by  adding  together  the  digestible  protein,  the 
digestible  carbohydrates,  and  2.25  times  the  digestible  fat. 
The  digestible  fat  is  multiplied  by  2.25  because  of  the 
fact  that  fat  will  produce  2.25  times  as  much  heat  as  car- 
bohydrates when  used  for  suplying  energy  to  the  animal 
body. 

THE  NUTRITIVE  RATIO 

Because-  of  the  importance  of  protein  to  the  animal 
body,  the  ''nutritive  ratio''  is  of  value  in  calculating  rations 
for  live  stock.  This  is  the  ratio  of  digestible  crude  pro- 
tein to  the  other  digestible  nutrients  in  feeding  stuffs. 
Since  it  is  usually  a  fraction,  it  is  expressed  with  a  colon, 
as  1:8.9.  It  is  found  by  dividing  the  sum  of  the  digestible 
carbohydrates  and  2.25  times  the  digestible  fat  by  the 
digestible  crude  protein.  The  quotient  is  the  second  factor 
of  the  nutritive  ratio.  The  nutritive  ratio  of  a  feed  is 
said  to  be  ''narrow''  when  the  proportion  of  crude  protein 
to  other  nutrients  is  large,  and  to  be  "wide"  when  there 
is  a  small  proportion  of  crude  protein.  For  mixing  feeds 
for  dairy  cattle  a  nutritive  ratio  of  about  1:6  is  usually 
recommended,  while  a  wider  ratio  can  be  used  for  beef 

*  Loc.  cit. 
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cattle.     The   nutritive   ratios    for   the   various    Hawaiian 
feeding  stuffs  are  given  in  the  seventh  column  of  Table  II. 

CALCULATION   OF  BALANCED  PwATIONS 

Table  II  should  be  of  use  in  estimating  the  relative 
values  of  the  different  Hawaiian  feeding  stuffs  and  deter- 
mining the  most  promising  local  sources  of  supply.  Table 
II  can  also  be  used  in  conjunction  with  tables  of  feeding 
standards  for  farm  animals  such  as  are  given  by  Henry 
and  Morrison'  or  by  Fraps'  for  the  calculation  of  rations 
for  live  stock.  As  the  calculation  of  rations  is  rather  a 
difficult  process,  the  Hawaii  Experiment  Station  will  be 
glad  to  assist  any  who  desire  to  make  up  a  ration  for  a 
specific  purpose  if  full  data  as  to  the  feeds  available  and 
the  animals  to  be  fed  (age,  weight,  for  what  purpose  used, 
etc.)  are  sent  to  F.  G.  Krauss,  Superintendent  of  the  Ex- 
tension Work,  Haiku,  Maui,  or  to  the  Hawaii  Agricultural 
Experiment  Station  at  Honolulu. 

SUMMARY 

(1)  All  the  analyses  of  Hawaiian  feeding  stuffs  made 
by  the  Chemistry  Department  of  the  Hawaii  Experiment 
Station  up  to  the  present  have  been  collected  and  arranged 
in  a  table  convenient  for  comparison  with  standard  tables 
of  American  feeding  stuffs. 

(2)  On  the  assumption  that  the  digestibility  of  Ha- 
waiian feeding  stuffs  is  about  the  same  as  for  similar 
American  feeding  stuffs,  a  second  table  showing  the  ap- 
proximate digestible  nutrients  of  Hawaiian  feeding  stuffs 
has  been  prepared. 

(3)  These  tables  should  be  of  use  in  estimating  the 
relative  values  of  different  Hawaiian  feeding  stuffs,  in 
determining  the  most  promising  local  sources  of  supply 
to  be  developed,  and  in  calculating  rations  for  live  stock. 

^  Loc.  cit. 

"  Fraps,  G.  S.  Principles  of  Agricultural  Chemistry.  Easton 
Pa.,   1913,  pp.  493. 
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Preliminary  Report  on  Root  Rot  In  Hawaii 

(Lahaina  Cane  Deterioration,  Pineapple  Wilt,  Taro  Rot, 
Rice  Root  Rot,  Banana  Root  Rot.) 

By  C.  W.  CARPENTER,  Pathologist. 


The  term  root  rot  is  a  collective  term  commonly  applied  loosely 
to  root  diseases  of  plants  in  general,  but  it  is  used  in  this  pre- 
liminary report  in  a  restricted  sense  to  denote  the  most  significant 
symptom  found  in  such  diseases  as  Lahaina  cane  deterioration 
so-called,  pineapple  wilt,  etc.  Such  root  rots  or  root  failures  are 
among  the  most  important  diseases  of  economic  plants  in  Hawaii. 

In  this  Territory,  as  in  practically  all  sugar  cane  growing 
countries,  a  disease  of  the  Lahaina  cane  (apparently  the  same  as 
the  Bourbon  variety)  of  obscure  origin  has  caused  grave  concern 
for  many  years.  Many  theories  as  to  the  cause  of  the  so-called 
deterioration  of  this  popular  variety  have  been  vigorously  in- 
vestigated without  striking-  result  in  demonstrating  the  cause  of 
the  disease  or  in  restoring  this  variety  to  culture  in  localities  in 
which  it  has  failed.  In  Hawaii  the  situation  has  been  met  in  a 
very  creditable  manner  by  the  Experiment  Station  of  the  Hawai- 
ian Sugar  Planters'  Association  through  the  development,  selec- 
tion, and  propagation  of  resistant  varieties,  while  in  other  coun- 
tries other  varieties  have  to  a  greater  or  less  extent  replaced  the 
Bourbon  type.  Nevertheless,  various  theories  as  to  the  cause  of 
failure  have  continued  to  be  presented  and  investigated,  an  in- 
direct tribute  to  the  merit  of  the  Lahaina  variety.  Of  the  latter 
there  is  no  question,  nor  of  the  benefit  to  these  Islands,  could 
this  variety  be  generally  restored  to  profitable  culture.  Evidently 
the  interest  in  the  possible  cause  of  failure  of  the  Lahaina  cane 
will  not  subside  until  a  satisfactory  explanation  is  found.  The 
occurrence  of  the  disease  in  plant  cane  on  virgin  soil,  with  the 
attack  of  another  variety,   H   146,  and  other  manifestations  of 


the  increased  virulence  of  the  disease  during  the  past  year,  liave 
added  to  the  seriousness  of  tlie  situation. 

Pineapples,  second  agriculturally  only  to  cane  in  importance 
in  these  Islands,  are  attacked  to  an  increasing  extent  by  a  root 
rot  trouble  popularly  called  "wilt."  A  similar  disease  is  preva- 
lent in  other  pineapple-growing  countries.  In  the  Hawaiian 
Islands,  this  disease  has  recently  caused  heavy  losses  with  first 
plantings  on  virgin  soil.  With  but  the  one  preferred  variety 
(Smooth  Cayenne)  of  satisfactory  quality,  the  situation  as  re- 
gards the  future  of  this  crop  is  admittedly  grave.  Evidently  the 
past  year  has  offered  conditions  unusually  favorable  to  the  de- 
velopment and  spread  of  the  pineapple  ''wilt"  and  the  Lahaina 
cane  disease. 

In  Hawaii  the  importance  of  root  rots  of  other  crops  is  per- 
haps less  appreciated  only  because  the  crops  affected  are  less 
extensively  cultivated.  The  following  diseases,  in  which  root 
failure  is  a  striking  symptom  or  sign  of  disease,  are  considered 
as  essentially  in  the  same  category  as  the  Lahaina  disease  and 
pineapple  "wilt"  under  discussion  and  are  being  studied  simul- 
taneously therewith,  although  the  writer's  investigation  of  these 
troubles  was  begun  much  earlier :  Taro  rot,  banana  root  rot, 
(leaf  chlorosis  and  center  leaf  necrosis),  and  a  rarely  observed, 
and  little  sought,  it  must  be  admitted,  root  rot  of  rice. 

Preliminary  investigations  of  root  rot  diseases  of  banana  and 
taro  were  begun  in  October,  19 16,  and  continued  intermittently 
thereafter  at  favorable  opportunities,  wdth  emphasis  placed  on 
this  line  of  investigation  the  latter  part  of  19 18.  In  January, 
19 19,  typically  diseased  Lahaina  cane  and  pineapple  plants  suf- 
fering from  "wilt"  were  brought  to  the  writer's  attention.  The 
first  observations  with  the  microscope  were  of  such  a  convincing 
nature  that  the  two  diseases  were  immediately  diagnosed  as 
parasitic  in  character,  of  fungus  origin,  and  apparently  identical. 
The  essential  identity  of  the  two  diseases  and  their  cause  was 
announced  in  the  local  press  on  February  5,  1919.^ 

Considerable  material  included  in  the  writer's  unpublished  re- 
ports is  considered  nonpertinent  in  the  light  of  subsequent  obser- 
vations, but  several  sentences  which  are  significant  may  well  be 
quoted  for  the  sake  of  record.  Speaking  of  cane  and  pineapple 
root  rot  (February  4,  19 19)  : 

"The  undersigned  wishes  to  go  definitely  on  record  as 
having  observed  in  connection  with  and  apparently  causing 
the  disease  of  the  roots,  a  fungus.  Apparently  the  mode  of 
attack  is  somewhat  as  follows,  basing  the  judgment  on  ob- 
servations in  the  field,  the  statement  of  the  planters,  and 
the  reaction  of  plants  placed  in  water  and  left  a  few  days, 
changing  the  water  daily :     The  roots  grow  well  until  the 

^  Pacific  Commercial  Advertiser,  Honolulu,  T.  H. 
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fiingiis  is  encountered,  and  if  the  conditions  of  the  soil  are 
suitable,  the  root  is  attacked  at  the  tip,  in  the  vicinity  of 
the  root  hairs,  or  a  canker  may  form  in  advance  of  the 
point  where  the  root  hairs  are  found,  etc.  *  '^  We  may 
say,  then,  that  the  action  of  the  fungus  appears  to  be  a 
damping-oif  of  the  roots  somewhat  in  the  same  way  as 
some  Rhizoctonias  damp-off  the  stems  of  seedhngs.  Suf- 
ficient data  are  not  at  hand  to  justify  further  views  as  to 
the  method  or  mode  of  attack,  the  writer  wishing  chiefly 
to  estabHsh  the  priority  of  the  view  that  a  fungus  is  re- 
sponsible for  the  diseased  condition  obtaining. 

''A  fungus  mycelium  and  hypha  are  found  growing 
within  the  root  hair  cells  of  living  young  roots.  Cankers 
apparently  brought  about  by  the  same  type  of  fungus  are 
present  on  young  roots,  and  when  at  the  point  of  origin 
of  the  young  roots  or  rootlets,  girdle  the  same  in  some  cases. 
This  condition  of  root  hair  inhabitation  and  girdling  exists 
in  roots  of  both  Lahaina  cane  and  H  146  variety  when  suf- 
fering from  root  disease  at  Waipahu  and  in  pineapple 
C'wilt")  roots  from  Waipio  and  the  foot  of  the  Nuuanu 
Pah." 

In  this  preliminary  report  it  is  not  intended  to  furnish  de- 
tailed information  on  the  various  root  rot  troubles  under  survey, 
but  merely  to  outline  the  problem  and  supply,  a  brief  sketch  of 
the  working  theory  and  results,  and  to  record  the  essential  iden- 
tity of  the  diseases  mentioned,  together  with  the  proof  as  to  the 
cause  of  Lahaina  disease  so  far  as  completed. 

It  is  appreciated  that  more  exhaustive  studies  may  show 
several  organisms  capable  of  inducing  root  rot  of  our  chief  crops. 
If  such  is  the  case,  the  lack  of  characterization  of  the  separate 
diseases  necessarily  makes  difliicult  the  determination  of  the  in- 
dividual causes.  The  writer's  preliminary  observations,  in  con- 
trast to  those  of  other  investigators,  having  been  such  as  to  lead 
him  to  conceive  of  Lahaina  deterioration  and  pineapple  "wilt" 
as  parasitic  diseases  of  fungus  origin,  the  parasite  being  active 
under  certain  soil  conditions,  and  the  two  diseases  being  apparently 
identical  in  nature  with  several  other  root  rots,  the  investigation 
of  all  was  carried  along  at  the  same  time  in  a  systematic 
manner.  Numerous  organisms  were  isolated  from  the  diseased 
roots  in  an  attempt  to  obtain  in  pure  culture  a  parasitic  fungus 
corresponding  to  the  one  constantly  seen  in  the  sound  tissues  of 
the  roots  adjacent  to  those  tissues  showing  the  early  stage  of 
root  disease  (Pis.  4  and  5).  After  numerous  disappointments, 
such  a  fungus  was  readily  obtained,  once  the  necessary  technique 
was  developed.  This  fungus  from  root  rot  of  cane  was  found 
to  closely  resemble  a  fungus  in  cultivation  for  some  years  from 
taro  rot  and  rice  root  rot.  The  similar  mycelium  and  spores 
being  present  in  the  several  root  rots,  rice,  taro,  cane,  pineapple, 


and  banana,  and  a  parasitic  type  of  fungus  allied  to  Pythiiim 
having  been  isolated  from  the  first  three,  it  was  believed  that  one 
definite  cause  of  some  of  our  root  rot  trouble  had  been  found. 
The  nature  of  this  parasitic  fungus  now  under  investigation  is 
such  as  to  suggest  lines  of  experimental  work  in  laboratory  and 
field,  for  determining  possible  control  methods.  Likewise,  if 
this  fungus  is  accepted  as  the  cause  of  Lahaina  disease  and  pine- 
apple "wilt,"  the  contradictory  features  of  the  two  diseases  are 
understandable  (e.  g.  PL  2B). 

It  may  be  noted  that  a  fungus  theory  as  to  the  causes  of  the 
deterioration  of  Lahaina  cane  and  pineapple  ''wilt"  disease  has 
been  advanced  many  times  by  various  investigators  in  several 
countries.  As  far  as  the  literature  examined  indicates,  no  one 
seems  to  have  linked  the  two  diseases  together,  and  in  general 
results  seem  to  have  been  negative  or  inconclusive,  no  proof  being 
offered,  so  far  as  the  writer  is  aware,  that  these  diseases  are 
caused  by  a  fungus  or  other  parasite.  One  of  the  fungi  said^  to 
be  tlje  cause  of  pineapple  'Svilt"  is  reported  as  a  root  hair  in- 
habiting fungus.  No  proof  of  causal  relation  to  the  disease  is 
o  fife  red. 

It  should  be  mentioned  here  that  soon  after  announcement  was 
made  in  the  local  press  that  apparently  the  cause  of  Lahaina 
disease  and  pineapple  "wilt"  had  been  found  by  the  present  writer, 
and  the  identity  of  these  two  diseases  stated,  H.  L.  Lyon,^  of  the 
Hawaiian  Sugar  Planters'  Experiment  Station  reported  the  find- 
ing of  resting  spores  of  a  protozoa-like  organism,  which  he  said 
probably-  belonged  to  the  Chytridineae,  in  the  affected  roots  of 
Lahaina  cane  and  pineapples.  He  suggested  the  possible  relation 
of  these  bodies  to  the  disease  and  the  possible  identity  of  the  dis- 
eases as  to  cause.  He  has  subesquently  noted^  that  if  root  diseased 
cane  and  pineapple  plants  are  placed  in  water  culture,  without 
removing  the  rotted  roots,  new  roots  develop  and  after  a  time 
collapse,  the  same  protozoan  type  spore  bodies  being  present 
therein  as  in  the  original  diseased  roots.  It  was  specifically  stated 
that  no  mycelial  fungus  was  associated  with  these  bodies.  These 
spore  bodies  mentioned  by  Lyon  are  considered  by  the  present 
writer  to  be  identical  with  those  discussed  in  the  following  pages 
and  are  believed  to  be  a  definite  stage  in  the  development  of  the 
Pythium-Vike  fungus.  While  some  of  the  rounded  spore  bodies 
appear  to  be  conidia  (sporangia)  and  resting  conidia,  the  ma- 
jority are  thought  to  be  oospores  within  the  remnants  of  the 
oogonium.     The  thick-walled  spores  generally  are  not  found  in 

^  Stockdale,  F.  A.,  Fungous  disease  of  pineapples.  West  Indian  Bullelin 
VIII,  1907,  p.  159. 

^Lyon,  H.  L.,  Root  rot  or  'Lahaina  disease."  H.  S.  P.  A.  Expt.  Sta., 
Progress  of  Work,  January,  1919,  p.  4.     (Dated  February  9,  1919.) 

^  Lyon,  H.  L.,  A  preliminary  report  on  the  root  rot  organism,  Hawaiian 
Planters'  Record,  vol.  XXI,  No.  i,  July,  1919,  pp.  2-S, 


the  young  lesions  but  abundantly  in  the  softened  tissues,  and  the 
mycelium  which  has  preceded  the  oospores  is  generally  not  visible, 
though  if  searched  for  traces  of  it  are  occasionally  seen  attached 
to  the  vestiges  of  the  oogonium-like  wall  surrounding  the  oospore 
(PL  7B). 

Studies  conducted  by  the  writer  during  the  past  seven  months 
are  a  working  out  of  the  fungus  theory  conceived  in  January, 
1919,  and  they  serve  not  only  to  confirm  the  theory  (Pis.  i, 
2 A,  3)  but  they  oiTer  strong  proof  that  a  fungus  allied  to  Pythium, 
isolated  from  affected  cane  roots,  is  capable  of  causing  a  root 
failure  in  Lahaina  cane.  Without  going  into  details,  it  may  be 
said  that  one  of  the  large  number  of  fungi  isolated  from  Lahaina 
cane,  when  grown  in  pure  culture  and  placed  in  the  steam-steril- 
ized soil  in  which  Lahaina  cane  was  being  grown  in  pots,  pro- 
duced root  decay  and  strikingly  checked  the  growth  of  the  cane 
in  a  few  weeks  (Pis.  2 A  and  3).  The  seed  in  this  test  was  top 
seed  (cuttings)  disinfected  in  i  :  1,000  bichlorid  of  mercury  for 
five  minutes,  planted  in  steam-sterilized  soil,  and  watered  only 
with  distilled  water.  The  latter  item  necessitated  the  conduction 
of  the  experiment  on  only  a  limited  scale.  The  uninoculated  con- 
trol plants  (PI.  2x\),  as  well  as  plants  in  soils  inoculated  with 
two  other  suspected  fungi,  developed  vigorously  the  while  and 
were  soon  about  two  feet  higher  than  those  in  soil  inoculated 
with  the  Pythiimi-likQ  fungus,  and  the  shoots  were  much  larger 
and  stronger  in  appearance.  The  root  systems  (PI.  3)  of  the 
controls  remained  healthy,  while  those  of  the  plants  in  inoculated 
soil  were  badly  diseased.  In  the  latter  there  was  a  striking  lack 
of  development  of  the  hair-like  feeding  roots. 

The  fungus  used  for  inoculation  was  recovered  in  pure  cul- 
ture from  the  diseased  roots.  This,  in  addition  to  the  constant 
occurrence  of  an  organism  in  association  with  a  disease,  is  gen- 
erally considered  proof  of  causal  relationship  to  the  disease.  Suf- 
ficient time  has  hardly  elapsed  to  determine  whether  the  fungus 
is  constantly  present  in  Lahaina  disease,  and  it  must  be  admitted 
that  the  number  of  plants  inoculated  in  the  test  was  small.  The 
test  must  be  repeated,  and  cross  inoculations  should  be  made  with 
the  same  type  fungus  from  the  other  host  plants.  Tests  now 
under  way  show  that  the  fungus  forms  some  root  lesions  on. 
H  109  and  Yellow  Caledonia  varieties,  both  of  which  are  resistant 
to  the  disease  in  the  field.  In  other  words,  it  appears  that  the 
resistance  of  these  two  varieties  is  relative,  not  absolute.  Pythium 
sp.  is  not  unknown  as  a  root  rot  parasite  of  field  crops,  as  it 
causes  a  serious  root  rot  of  sugar  beets  and  other  crops. 

The  observations  of  the  writer  in  the  field  and  the  laboratory 
convince  him  that  the  same  or  a  similar  fungus  is  responsible 
for  a  most  destructive  type  of  pineapple  "wilt"  (root  rot),  and  a 
root  rot  of  taro,  rice,  and  Chinese  bananas  (Musa  cavendishii) . 
The   diseases  are   a  damping-off  of   the   roots   and  consequent 


checked  developnient  of  the  hair-Hke  feeding  roots,  as  conceived 
for  Lahaina  disease  and  pineapple  "wih",  and  are  apparently 
caused  by  the  so-called  damping-off  fungus  of  seedlings,  Pythium 
debaryanum,  or  a  related  form.  The  mode  of  attack  is  as  quoted 
above  from  the  prognosis.  The  mycelium  of  the  Pythkim-likc 
fungus  is  nonseptate  when  young,  later  becoming  septate,  and, 
in  the  roots  of  cane  and  banana  at  least,  is  often  stained  reddish- 
brown  by  the  coloriiT,g  matter  liberated  by  the  roots  in  response 
to  the  injury.  The  mycelium  occurs  in  both  the  septate  and  the 
nonseptate  form  in  the  cells  of  the  host  tissue,  and  when  in  the 
epidermal  cells  of  the  roots,  branches  frequently  run  out  into 
the  root  hairs.  The  most  common  points  of  attack  are  wherever 
tender  young  root  tissue  occurs,  root  tips,  etc.,  or  at  any  point 
on  the  young  roots. 

A  positive  identification  of  the  fungus  as  to  species  is  not 
necessary  nor  warranted  at  this  time  by  the  morphological  studies, 
it  being  sufficient  to  state  that  in  cultures  as  well  as  in  the  host 
tissue  it  reseqibles  Pythium  deharyanum  (Pis.  5,  6,  7,  8.)  The 
cane  fungus  with  which  a  positive  inoculation  has  been  secured, 
with  subsequent  re-isolation  of  the  fungus,  is  apparently  identical 
with  the  taro  root  rot  organism  obtained  in  pure  culture  by  the 
writer  in  May,  191 8.  In  the  roots  after  attack,  as  well  as  in 
culture,  the  fungus  forms  numerous  conidia  (sporangia)  and 
resting  spores  (conidia  and  apparently  oospores).  These  bodies 
are  present  at  least  in  the  affected  tissues  in  the  roots  of  cane, 
taro,  pineapple,  and  banana,  and  in  cultures  from  rice,  taro,  and 
cane.  In  pure  cultures  of  the  organism  from  rice,  taro,  and 
cane,  undoubted  oospores  have  been  observed.  Conidia  and 
resting  spores  (oospores  apparently)  are  also  present  in  the  af- 
fected and  softened  roots  of  Lahaina  cane  in  soil  inoculated  with 
the  pure  culture  of  mycelium  of  the  Pythhim-likt  fungus.  Swol- 
len, globular  mycelium,  typically  present  in  the  diseased  tissues, 
is  thought  to  belong  to  this  fungus  (Pis.  4,  5,  and  6). 

Since  the  incubation  period,  i.  €.,  in  this  case  the  time  elapsing 
from  inoculation  of  the  soil  to  the  advent  of  symptoms  of  disease 
(checked  growth),  was  about  two  weeks,  it  is  evident  that  the 
fungus  requires  only  a  short  period  of  favoring  conditions  to 
initiate  attack.  In  cane,  possibly  only  in  certain  physical  soil 
types,  the  time  the  soil  is  wet  during  periodic  irrigations  is  prob- 
ably sufficient  for  the  infection  of  new  roots  which  may  have 
formed  in  response  to  the  same  and  previous  irrigations.  In  pine- 
apples in  the  wilt-affected  localities,  there  is  probably  sufficient 
precipitation  to  allow  the  attack  to  occur  occasionally  at  least,  or 
moisture  conditions  favorable  to  root  development  and  extension 
are  favorable  to  the  fungus,  and  the  attack  may  coincide  with 
root  extension.  The  symptoms,  checked  growth,  etc.,  are  sub- 
sequently manifested  and  become  aggravated  by  periods  of 
drought,  when  the  plants  lose  more  water  by  transpiration  than 
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the  meager  roots  can  supply.  It  is  not  extraordinary,  if  Pythium 
is  the  active  agent  in  causing  the  disease,  that  such  reported  facts 
as  simple  removal  of  a  wilt  plant  and  replanting  the  same  or 
another  may  give  rise  to  a  healthy  growing  plant. 

In  seeking  to  control  a  disease,  logically  the  first  step  is  to 
determine  the  cause,  and  then  the  conditions  under  which  this 
cause  is  active.  The  writer's  future  studies  for  some  time  are 
designed  to  throw  such  additional  light  as  may  he  possible  on 
these  preliminary  phases  of  the  problem,  for  without  apprecia- 
tion of  these  matters  the  finding  of  possible  control  methods  is 
indeed  remote.  With  further  knowledge  it  will  likely  become 
evident  whether  or  not  practical  control  measures  are  within  the 
range  of  probability.  With  taro  rot  it  is  of  some  significance  that 
drying,  resting,  and  aerating  the  sick  soils,  as  well  as  the  appli- 
cation of  lime  to  the  soil  and  the  addition  of  copper  sulphate  to 
the  irrigation  water,  respectively,  have  been  markedly  beneficial 
to  the  crop. 

The  fungus  Pythium^  which  the  root  rot  fungi  under  study 
closely  resemble,  is  generally  considered  as  favored  by  a  stagnant 
condition  of  the  soil,  high  soil  temperature,  and  high  moisture 
content.  As  already  suggested  in  the  writer's  earlier  unpublished 
reports,  studies  of  the  physical  characteristics  of  our  affected 
soils  will  likely  prove  of  value  in  determining  cultural  modifica- 
tions looking  to  control.  In  Java,^  investigators  reached  the 
conclusion  that  a  similar  root  rot  there  was  not  due  to  organisms 
found  colonizing  on  the  roots,  among  which  Pythium  is  named, 
but  to  compacting  the  soil,  etc.  Since  the  Lahaina  cane  inocu- 
lation test  above  mentioned  was  conducted  in  good  potting  soil, 
and  the  control  plants  grew  well,  though  treated  in  the  same 
manner  except  that  none  of  the  Pythium-likt  fungus  was  intro-  . 
duced,  the  least  that  we  can  say  is  that  our  preliminary  results 
support  a  conclusion  at  variance  with  the  findings  in  Java. 
Whether  the  Java  disease  and  the  similar  deterioration  of  the  La- 
haina type  of  cane  in  several  other  countries  is  the  same  as  the 
disease  occurring  in  the  Hawaiian  Islands  is  not  known,  though 
there  is  much  in  the  literature  indicating  such  identity. 

In  the  Islands,  especially  as  regards  pineapple  culture,  field 
practice,  groping  in  obscurity  as  to  the  cause  of  ''wilt,"  has  al- 
ready made  progress  along-  the  line  that  would  be  advised,  should 
our  further  work  confirm  the  preliminary  conclusion  that  a 
species  of  Pythhim  or  related  fungus  is  the  active  cause  of  the 
wilt  and  root  rot.  Field  practices  most  in  favor  for  sometime 
have  placed  emphasis  on  drainage,  aeration,  etc.,  with  hilling  up 
as  a  means  to  this  end.  Flocculation  of  the  soil  particles  of  some 
soils  at  least  is  desirable,  and  in  this  connection  it  might  be  noted 

'  Kanierling,  Z.,  Verslag  van  het  Wortelrot,  Oenderzoek,  Soerabaia, 
1903;  abstracted  by  Sorauer,  P.,  Manual  of  Plant  Diseases,  vol.  I,  pp. 
227,  228. 
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that  common  salt  has  been  reported  as  of  advantage  in  controlHng 
damping-off  diseases  in  greenhouses.  In  general,  where  the 
disease  is  present,  an  optimum  supply  of  capillary  water,  with 
adequate  soil  aeration,  is  the  indicated  soil  condition  most  likely 
to  encourage  healthy  root  development. 

SUMMARY. 

1.  Observations,  field  and  laboratory  studies  confirm  the  the- 
ory advanced  in  February,  19 19,  as  to  at  least  one  active  cause 
of  Lahaina  disease  (root  rot)  of  cane.  This  cause  is  a  parasitic 
fungus  with  a  definite  mycelium  and  of  the  Pythium  debaryanum 
type.  Apparently  the  same  fungus  or  a  closely  related  species 
is  responsible  for  pineapple  "wilt"  (root  rot),  taro  rot,  banana 
center  leaf  necrosis   (root  rot),  and  a  root  rot  of  rice. 

2.  The  parasitic  fungus  is  the  one  observed  and  recorded  in 
February,  1919,  in  cane  and  pineapple  roots,  attacked  by  Lahaina 
disease  and  'Svilt,"  respectively,  and  is  now,  as  then,  found  as- 
sociated with  lesions  on  the  roots,  near  the  tips,  at  the  tips,  and 
on  other  tender  parts  df  the  young  roots  indiscriminately,  as  well 
as  existing  as  wandering  hyphae,  nonseptate  to  septate  depending 
on  conditions,  in  surface  cells,  root  hair  cells,  and  cells  of  the 
cortex  of  roots  in  the  earliest  stages  of  attack. 

3.  This  type  of  fungus  was  first  secured  in  pure  culture  from 
rice  root  rot  in  Septeml3er,  19 17,  and  from  taro  rot  in  May,  19 18, 
and  subsequent  study  in  191 8  showed  that  the  latter  was  capable 
of  producing  a  rot  of  the  taro  corms.  In  taro  rot  in  the  field, 
the  rot  of  the  edible  corm  is  preceded  by  a  rot  of  the  young  roots 
as  in  cane  and  pineapples.  The  cane  organism,  isolated  in  pure 
culture  and  inoculated  into  steam-sterilized  soil  in  which  Lahaina 
cane  from  top  seed  disinfected  in  bichlorid  of  mercury  solution 
]  :  1,000  for  five  minutes  was  growing,  attacked  the  roots.  The 
plants  were  watered  only  with  distilled  water.  Noticeable  symp- 
toms of  disease  appeared  on  the  plants  in  about  two'  weeks.  The 
fungus  was  re-isolated  in  pure  culture  from  this  material. 

4.  This  root  rot  fungus  found  parasitic  on  Lahaina  cane  is 
tentatively  considered  to  belong  to  the  Pythiac  of  the  Saproleg- 
niaccac  and  probably  identical  with  Pythium  deharyamim. 

5.  The  nature  of  the  fungus  is  such  that,  should  further  work 
substantiate  the  preliminary  results,  in  our  research  we  should 
tentatively  put  emphasis  on  physical  studies  of  our  soils  in  seek- 
ing control  measures,  and  in  the  field  studies  give  added  attention 
to  drainage  and  aeration,  and  ]ix:)ssibly  modify  the  physical  prop- 
erties through  the  application  of  chemicals  which  will  flocculate 
our  colloidal  soils,  if  such  chemicals  can  be  found.  With  irrigated 
crops  the  addition  of  copper  sulphate  to  the  water  may  prove  of 
value,  as  experiments  have  indicated  with  taro. 


PLATES 

Plate  1.  Comparative  root  systems  of  three-month-old  Lahaina  cane 
in  sick  Waipio  soil  (2) ;  in  same  soil  disinfected  with 
formaldehyde  (36);  and  in  same  soil  steam-sterilized  (12). 

2.  A,  Lahaina  cane,  60  days  old,  in  steam-sterilized  soil.    Left, 

uninoculated  control;  right,  in  soil  inoculated  with  the 
Pythium-like  fungus  fiye  weeks  before  being  photographed. 
(See  Plate  3  for  root  systems.) 
B,  A  phenomenon  of  Lahaina  c^ne  disease  in  the  field  at 
Waipio;  two  sticks  from  the  same  stool,  one  of  which  suc- 
cumbed and  the  other  recovered.  (Note  the  shortened 
internodes  produced  during  period  of  diseased  condition.) 

3.  Root  systems  of  plants  in  Plate  2A.     Control  at  left,  plant 

in  soil  inoculated  with  Pythium  at  right. 

4.  Types  of  root  hair  and  epidermal  cell  inhabitation  by  fungus 

mycelium  in  Lahaina  cane  root  disease.  A  swollen,  globular 
mycelium,  as  well  as  a  cylindrical  type,  appears  to  belong 
to  the  Pt/*/imm-like  fungus  in  a  natural  habitat.    X  1000. 

5.  A,  Portion  of  feeding  mycelium  in  young  root  from  base  of 

sprout  growing  from  seed  piece  (Lahaina  cane).  Apparent 
penetration  of  cell  walls  by  amoeboid  processes.     X  1000. 

B,  Swollen,  hyaline,  finely  granular  feeding  mycelium  sug- 
gesting Plasmodium.     Root  from  joint  of  seed  piece    (La- 
haina cane).    X  1000. 

C,  Tangential  surface  section  of  dark  colored  lesions  on 
young  root  of  Chinese  banana  {Musa  cavendishii).  Dark 
mycelium  apparently  stained  brown  by  pigment  from  the 
discolored  cell  walls,  etc.  Note  resemblance  of  mycelium 
to  D  from  Lahaina  cane.    X  1000. 

D,  Section  6i  Lahaina  cane  root  growing  in  steam-sterilized 
soil  inoculated  with  the  PythiMm-li'ke  fungus.  Some  of  the 
mycelium  present  has  Pythium-like  swollen  ends  and 
closely  resembles  that  shown  in  C.     X  1000. 

6.  Swollen    globular    mycelium    apparently    belonging    to    the 

Pythium-like  fungus  in  a  natural  habitat.  Note  the  wan- 
dering, attenuated  portion  penetrating  the  cell  walls. 
This  type  of  plasmodium-like  mycelium  is  frequently  found 
in  Lahaina  root  disease,  in  the  field  material,  as  well  as 
in  affected  roots  in  sterilized  inoculated  soil.  This  stage 
is  thought  to  Immediately  precede  resting  spore  formation. 
(Variety  H  109  in  inoculated  soil.)     X  1000. 

7.  A,  Resting  spore  of  Pythium-like  fungus  in  cell  of  Lahaina 

cane  root.  Large  numbers  are  typically  present  in  the 
root  disease  after  the  tissues  have  partially  broken  down. 
They  vary  considerably  in  size  and  often  are  held  to  an 
oblong  shape  by  the  cell  walls.  Apparently  these  are 
oospores  within  vestiges  of  the  oogonium  wall.  X  1000. 
B,  Spores,  similar  to  those  in  A,  in  cells  of  banana  root. 
Barely  visible  traces  of  mycelium  and  possible  antheridium 
still  attached  to  the  oogonium-like  outer  wall  are  indi- 
cated in  the  lower  spore.    X  1000. 

8.  A-D,  Pythium  from  rice  in  culture  (X  1000);  A,  Conidium 

(sporangium)  or  young  oogonium  forming;  B,  Egg  cell 
(oosphere)  developing  in  oogonium;  C,  Egg  cell  (a)  be- 
ing fertilized  by  antheridium  (b) ;  D,  Thick-walled  mature 
oospore   (egg  spore)   freed  from  oogonium. 

E,  Pythium  in  culture  from  Lahaina  cane  forming  same  sort 
of  oospore  (X  1000).;  (a)  egg  cell  or  oosphere  in  oogonium, 
(b)  oogonium,  (c)  antheridium(?). 

P,  From  the  same  culture  as  E.  Fertilization  effected, 
oospore  with  very  thick  brown  wall. 

G,  Root  hair  cell  of  Lahaina  cane  containing  several  spores. 
These  are  apparently  hyaline  oospores  freed  from  the  oogo- 
nia  walls,  or  possibly  resting  sporangia  (conidia).  X  1000. 
Note:     Plates  4-8  from  camera  lucida  drawings. 
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